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SUMMARY

1. ACUTE ORAL TOXICITY (LD5O) IN RATS

The Median Oral Lethal Doses (LD50s) with 95% confidence
limits were calculated to be as follows:-

6 6.49 (5.98-6.99) g/kg
9 7.59 (6.88-8.31) g/kg
6+9 7.36 (6.89-7.83) g/kg

As such this material may be considered practically

non-toxic in rats.

2. ACUTE ORAL TOXICITY (LD50) IN MICE

The Median Oral Lethal Doses (LD50s) with 95% confidence
limits were calculated to be as follows:

6 1.96 (1.69-2.22) g/kg
9 3.81 (3.43-4.20) g/kg
6+9 2.71 (2.48-2.94) g/kg

As such this material may be considered slightly toxic in

mice.

3. ACUTE ORAL TOXICITY IN RABBITS (DOSE RANGING)

In males the oral LD50 might be between 100 and 250 mg/kg,
while in females it could be less than 50 mg/kg.

4. ACUTE DERMAL TOXICITY (LD50) STUDY IN RATS

The Percutaneous Median Lethal Dose (LD50) is greater
than 5.0 g/kg body weight.

5. ACUTE DERMAL TOXICITY (LD50) IN RABBITS

The Percutaneous Median Lethal Doses (with 95% confidence
limits) were calculated to be:-

6 non-abraded - 634.12 (532.49- 735.75) mg/kg
6 abraded - 673.81 (562.34- 785.28) mg/kg
9 non-abraded - 718.56 (595.59- 841.53) mg/kg
9 abraded - 1336.70 (414.56-1758.84) mg/kg

6/9 non-abraded/abraded - 982.03 (861.46-1102.60) mg/kg

Ui
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6. INTRAVENOUS TOXICITY (LD50) IN RATS

The Intravenous Median Lethal Dose (LD50s) were calcu-
lated to be:-

d 25.13 (23.04-27.41) mg/kg

9 38.08 (32.25-43.91) mg/kg

7. INTRAVENOUS TOXICITY IN RABBITS (DOSE RANGING)

At a concentration of 250 mg/ml (HMX in DMSO) the Median
Intravenous Lethal Dose may lie between 10 and 15 mg/kg.

No deaths or clinical signs were recorded in the control
group.

8. PRIMARY SKIN IRRITATION IN RABBITS

HMX would be classified as a mild skin irritant on the
basis of the calculated primary skin irritation scores:-

HMX 60% w/w in physiological saline 0.67
10% aqueous sodium lauryl sulphate 5.59
(positive control)

9. EYE IRRITATION IN RABBITS (HMX 60% W/W IN DISTILLED
WATER)

HMX (in distilled water) would be classified as
practically non-irritating to eyes.

10. EYE IRRITATION IN RABBITS (DRIED HMX)

Dried HMX would be classified as practically non-
irritating to eyes.

11. ALLERGENIC POTENTIAL IN GUINEA PIGS (MAGNUSSON-KLIGMAN
MAXIMISATION TEST)

There was no evidence from the Magnusson-Kligman Maxi-
misation test to suggest that HMX is a sensitiser in
guinea pigs.
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INTRODUCTION

The US Army requires information on the acute toxicity
potential of Octahydro-l,3,5,7-tetranitro-l,3,5,7-tetrazocine
(HMX) u -A 6 -- C-0053 by oral, dermal and intravenous
routes. In addition data on the acute skin and eye irritancy
and skin sensitisation potentials of HMX are required. This
report gives details of the following tests performed on HMX
to meet these requirements.

1. Acute Oral Toxicity (LD50) Test in Rats.
2. Acute Oral Toxicity (LD50) Test in Mice.
3. Acute Oral Toxicity in Rabbits (Dose Ranging).
"4. Acute Dermal Toxicity (LD50) in Rats.
5. Acute Dermal Toxicity (LD50) in Rabbits.
6. Intravenous Toxicity (LD50) in Rats.
7. Intravenous Toxicity in Rabbits (Dose Ranging).
8. Primary Skin Irritation Test in Rabbits.
9. Eye Irritation (HMX 60% w/w in distilled water) in

Rabbits.
10. Eye Irritation (dried HMX) in Rabbits.

'-il- Allergenic Potential in Guinea Pigs (Magnusson-
Kligman Maximisation Test).

The tests were performed at Elphinstoe Research Centre, Field

Station of Inveresk Research International Limited.

Archives

All data produced in these studies are located in the Archives
of Inveresk Research International Limited.
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TEST MATERIALS AND ANIMALS

TEST MATERIALS

HMX, Octahydro-l,3,5,7-tetranitro-l,3,5,7-tetrazocine was
supplied by the Royal Ordnance Factory, Bridgewater, Somerset,
England. A stock of HMX was held at I.C.I. Nobel Explosives
Company Limited, Blairhill, Muirside, Fife and pots containing
approximately 50 g dry weight HMX were transported to Inveresk
Research International Limited when required.

TEST ANIMALS

Rats and mice were supplied by Charles River UK Limited. Rats
arrived at Elphinstone Research Centre on 17 June 1980 for the
acute oral and acute dermal tests and on 5 December 1980 for
the intravenous test. Mice arrived at Elphinstone Research
Centre on 17 June 1980.

Guinea pigs were supplied by Porcellus Animals Limited and
arrived at Elphinstone Research Centre on 1 July 1980.

Rabbits were supplied by Cheshire Rabbits Farms and arrived at
Elphinstone Research Centre on 24 June 1980 for the skin and
eye irritation test, on 29 October 1980 for the acute oral
test, on 18 November 1980 for the intravenous toxicity test
and on 18 July 1980, 27 August 1980 and 30 September 1980 for
the acute dermal toxicity tests.

- nnmmm •m n nm -- m IN iI ii i



5

EXPERIMENTAL PROCEDURES

1. ACUTE ORAL TOXICITY (LD50) IN RATS

a) Materials

HMX, as supplied, from pots Nos. 2 (14.90% water), 4
(19.30% water) and 8 (19.30% water).

Vehicle - 0.5% low viscosity carboxymethylcellulose

(CMC).

b) Animals

Male and female rats of the Fischer 344 strain were used.
The mean body weight on being dosed was 150 g (range
141-155 g) in the dose ranging study for males and 126 g
(range 120-130 g) in the dose ranging study for females.
The mean body weight in the main study was 183 g (range
170-204 g) for males and 131 g (range 119-144 g) for
females.

They were housed in groups of 5, by sex, in polypropylene
cages with stainless steel grid tops and sterilised wood
shavings. Mean environmental temperature was 23°C
(extremes of 20°C-26*C) and mean humidity was 58%
(extremes of 42%-70%).

The animals were fed on BP Nutrition expanded Rat and
Mouse Maintenance Diet No. 1 (Appendix 1) but were
deprived of food for a 16 h period prior to dosing.
Water was available ad libitum throughout the study.

c) Method

The rats were dosed once by gavage with a freshly pre-
pared suspension of HMX in 0.5% low viscosity CMC at a
constant dose volume of 20 ml/kg.

Dose Ranging Study (11 July-25 July 1980)

In the dose ranging study, HMX in suspension, was admini-
stered to one male and one female rat for each of 5 dose
levels. The dose levels investigated were 300, 700,
1,500, 5,000 and 15,000 mg wet HMX/kg. These were equiv-
alent to approximately 255, 596, 1277, 4255 and 12,765 mg
dry HMX/kg. Aliquots of these suspensions were taken at
intervals for analysis.



6

The rats were observed in the morning and afternoon for
14 days following administration of the test substance. At
death, or at the end of the observation period and sacrifice,
each animal was subjected to a gross post mortem examination.

Main Study (18 July-i August 1980)

From the results of the dose ranging study, five dose levels
were selected for the main study in which 5 groups of 5 males
and 5 female rats were dosed once. The dose levels selected
were 3,000, 4,500, 6,750, 10,125 and 15,187.5 mg wet HMX/kg.
These were equivalent to approximately 2421, 3632, 5447, 8171
and 12,256 mg dry HMX/kg. Aliquots of these suspensions were
taken at intervals for analysis. An additional group of 5
male and 5 female rats was dosed with vehicle only at a
constant dose volume of 20 ml/kg.

The rats were observed in the morning and afternoon for 14
days following administration of the test substance. At
death, or at the end of the observation period and at
termination, each animal was subjected to a gross post mortem
examination.

Statistical Analysis

The LD50 was calculated using a method based on the
following:-

Finney (1971) "Probit Analysis", Cambridge University
Press.

The toxicity of the compound was rated according to the
following table:-

LD50 single
Toxicity Commonly used oral dose
Rating term in rats/kg

1 Extremely toxic 1-mg or less
2 Highly toxic 1-50 mg
3 Moderately toxic 50-500 mg
4 Slightly toxic 0.5-5 g
5 Practically non-toxic 5-15 g
6 Relatively harmless 15 g or more

d) Results

Dose Ranging (Table 1)

In the dose ranging study, mortality was only observed
for the female dosed at 12,765 mg dry HMX/kg.
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Abnormal clinical signs were noted only in this animal
and included hypokinesia and ataxia from 1 h-2 b after
dosing.

Post mortem observations included white fluid in the
stomach and gastro-intestinal tract and lungs red and
patchy.

Main Study (Table 2)

In the main study, mortality was 0/10, 0/10, 4/10, 8/10
and 10/10 in the 2421, 3632, 5447, 8172 and 12,256 mg dry
HMX/kg dose groups, respectively.

Clinical signs included piloerection, hyperkinesia,
hypokinesia and ataxia from h 5 days after dosing.

Post mortem observations included white fluid in stomach
and gastro-intestinal tract, kidneys pale and abnormally
pink lungs.

There were no deaths in the control group and no clinical
signs were recorded.

No abnormalities were detected at post mortem examination.

Statistical Analysis

The Oral Median Lethal Doses (LD50s) with 95% confidence
limits of dry HMX were calculated to be:

d 5.51 (5.02-5.93) g/kg
9 6.44 (5.84-7.05) g/kg

d + 9 6.25 (5.85-6.65) g/kg

Chemical Analysis

The analysis of HMX from the sampled aliquots is
presented in Tables 3 and 4. The method of analysis is
detailed in Appendix 8.
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2. ACUTE ORAL TOXICITY (LD50) IN MICE

a) Materials

HMX, as supplied, from pots Nos. 2 (14.90% water) and 54
(20.30% water).

Vehicle - 0.5% low viscosity CMC.

b) Animals

Male and female mice of the B6C3Fl strain were used. The
mean body weight on being dosed was 22 g (range 20-22 g)
in the dose ranging study for males and 21 g (range
19-22 g) in the dose ranging study for females. The mean
body weight on being dosed in the main study was 22 g
(range 16-24 g) for the males and 18.5 g (range 16-21 g)
for the females.

They were housed individually in polypropylene cages with
stainless steel grid tops and sterilised wood shavings.
Mean environmental temperature was 22°C (extremes of
19°C-25*C) and mean humidity was 57% (extremes of
52%-74%).

The animals were fed on BP Nutrition expanded Rat and
Mouse Maintenance Diet No. 1 but were deprived of food
for a 4 h period prior to dosing. Water was available ad
libitum throughout the study.

c) Method

The mice were dosed once by gavage with a freshly
prepared suspension of HMX in 0.5% low viscosity CMC at a
constant dose volume of 20 ml/kg.

Dose Ranging Study (10 July-24 July 1980)

In the dose ranging study, HMX was administered to one
male and one female mouse of each of 5 dose levels. The
dose levels investigated were 300, 700, 1,500, 5,000 and
15,000 mg wet HMX/kg. These were equivalent to approxi-
mately 247, 577, 1236, 4120 and 12,360 mg dry HMX/kg.
Aliquots of these suspensions were taken at intervals for
analysis.
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The mice were observed in the morning and afternoon for
14 days following administration of the test substance.
At death, or at the end of the observation period and
sacrifice, each animal was subjected to a gross post
mortem examination.

Main Study (17 July-31 July 1980)

From the results of the dose ranging study, 5 dose levels
were selected for the main study in which 5 groups of
5 males and 5 female mice were dosed with HMX in carboxy-
methylcellulose at a constant dose volume of 20 mg/kg.
The dose levels selected were 1,200, 2,040, 3,468,
5,895.6 and 10,022.5 mg wet HMX/kg. These were equiv-
alent to approximately 956, 1626, 2764, 4699 and 7988 mg
dry HMX kg. Aliquots of these suspensions were taken
at intervals for analysis. An additional group were
taken at intervals for analysis. An additional group of
5 male and 5 female mice was dosed with vehicle only
(0.5% low viscosity CMC) at a constant dose volume of
20 ml/kg.

The mice were observed on the morning and afternoon for
14 days following administration of the test substance.
At death, or at the end of the observation period and
sacrifice, each animal was subjected to a gross post
mortem examination.

Statistical Analysis

The LD50 was calculated using a method based on the
following:-

Finney (1971), "Probit Analysis", Cambridge University
Press.

d) Results

Dose Ranging (Table 5)

In the dose ranging study in pairs of mice, mortality was
0/2, 0/2, 1/2, 1/2 and 1/2 in the dose groups 247, 577,
1236, 4120 and 12,360 mg dry HMX/day dose groups,
respectively.
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Clinical signs included piloerection, hypokinesia and
ataxia, lasting for up to 3 days after dosing.

Post mortem observations included white fluid in stomach
and upper gastro-intestinal tract with kidneys pale and
mottled.

Main Study (Table 6)

In the main study, mortality was as follows:-

Dose Level
mg dry HMX/kg/ 6 9

day

956 0/5 0/5
1626 4/5 0/5
2764 5/5 0/5
4699 5/5 5/5
7988 5/5 5/5

Clinical signs included piloerection, soiled coat,
hyperkinesia, hypokinesia, ataxia, sedation, eyes half
shut and penis protruded. In one animal the penis was
very swollen and stained with blood with a constant
stream of urine.

Post mortem observations included stomach and gastro-
intestinal tract filled with white fluid, gut contents
fluid, blood filled gut, stomach wall white, penis
extended and dark red and lungs red.

There were no deaths or clinical signs recorded in the
control group.

No abnormalities were detected at post mortem

observations in the control group.

Statistical Analysis

The Oral Median Lethal Doses (LD50s) with 95% confidence
limits of dry HMX were calculated to be:-

6 1.67 (1.44-1.89) g/kg/day
9 3.24 (2.92-3.57) g/kg/day

6 + 9 2.30 (2.11-2.50) g/kg/day
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Chemical Analysis

The analysis of HMX from the sampled aliquots is
presented in Tables 7 and S. The method of analysis is
detailed in Appendix 8.
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3. ACUTE ORAL TOXICITY IN RABBITS (5 November-2 December
1980)

a) Materials

HMX (dried) from pots Nos. 19-23 and 58.

Vehicle - 0.5% low viscosity CMC.

b) Animals

Male and female rabbits of the New Zealand White strain
were used. The mean body weight on being dosed was
2.95 kg (range 2.49-3.80 g) for males and 2.82 kg (range
2.60-3.20 g) for females.

They were housed individually in cages with a grid floor,
beneath which was a peat moss filled tray. Mean environ-
mental temperature was 18"C (extremes of 15*C-22*C) and
mean humidity was 58% (extremes of 47%-69%).

The animals were fed on Spratt's Rabbit Diet supplied by
Spillers but were deprived of food for a 16 h period prior
to dosing. Water was available ad libitum throughout the
study.

c) Method

The rabbits were dosed once by means of a rubber catheter
with a freshly prepared suspension of HMX in CMC at a
constant dose volume of 10 ml/kg.

HMX in suspension was administered to one male and one
female rabbit for each of 6 dose levels. The dose levels
investigated were 50, 100, 250, 428.5, 1000 and 2000 mg
dry HMX/kg body weight and dosing was carried out at
various levels of successive days.

The rabbits were observed in the morning and afternoon
for 14 days following administration of the test
substance. At death, or at the end of the observation
period and at termination, each ani4 mal was subjected to a
gross post mortbm examination when selected tissues
(liver, kidneys, spleen, heart, lungs, brain and spinal
cord) were taken for future histological examination if
required.
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d) Results

Details are given in Table 9. Mortality was 1/2, 1/2,
2/2, 2/2, 2/2 and 2/2 in the 50, 100, 250, 428.5, 1,000
and 2,000 mg/kg dose groups, respectively. The female
in the 50 mg/kg dose group, the male in the 428.5 mg/kg
dose group and both the male and female in the 1,000
mg/kg dose group were sacrificed before the end of the
14 day observation period to prevent further distress
following convulsive episodes.

Major clinical signs which were present at all dose
levels included hypokinesia, hyperkinesia, clonic
convulsions, miosis and mydriasis. Details of these and
other clinical signs are given in Table 9.

Post mortem observations included irregular reddening on
all lung lobes, kidneys mottled or pale with surface
blood vessls prominent and brown fluid with white
particulate material in thoracic cavity. Details of
these and other post mortem observations are given in
Table 9.
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4. ACUTE DERMAL TOXICITY STUDY IN RATS

a) Materials

HMX from pots Nos. 29 (18.7% water) and 76 (17.5%
water).

Vehicle - physiological saline

b) Animals

Male and female rats of the Fischer 344 strain were used.
The mean body weight on being dosed was 193 g (range
140-242 g) in the dose ranging study, 196 g (range
138-250 g) in the main study and 193 g (range 143-256 g)
in the control group.

They were housed in suspended plastic cages with a
maximum of 5 animals per cage with wood shavingg for
bedding. Mean snvir8 nmental temperature was 23 C
(extremes of 20 C-16 C) and mean humidity was 59%
(extremes of 42%-70%).

The animals were fed on BP Nutrition expanded Rat and
Mouse Maintenance Diet No. 1. Food and water were avail-
able ad libitum throughout the study.

c) Method

The application site, which was the entire dorsal surface
of the trunk of the rat between the fore and hind limbs,
was shaved and the skin abraded in such a way as to pene-
trate the stratum corneum but not the dermis by making
abrasions longitudinally over the entire area of exposure,
by means of a 'sterilin' blood lancet.

The test material was applied to the prepared skin on a
piece of gauze of a length to cover approximately 10% of
the body surface. The gauze was covered with an
impervious covering of Sleek occlusive tape for a period
of 24 h after which time the covering was removed and the
skin was wiped to remove any remaining test material.
Animals were housed individually for the 24 h contact
period.

Dose Ranging Study (22 July-5 August 1980)

In the dose ranging study, freshly prepared HMX at a
concentration of 600 mg/ml in physiological saline was
administered to one male and one female rat for each of 4
dose levels. The dose levels investigated were 0.5, 1.0,
2.0 and 5.0 g wet HMX/kg body weight. These were

J , m
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equivalent to approximately 0.42, 0.85, 1.69 and 4.23 g
dry HMX/kg. These dose levels were achieved by varying
the dose volume.

The rats were observed for 14 days following dosing after
which they were sacrificed and subjected to a gross post
mortem examination.

All rats were weighed on dosing, at 7 days post dosing
and at sacrifice. Individual body weights are detailed
in Table 10.

Main Study (29 July-12 August 1980)

From the results of the dose ranging study, one dose
level was selected for the main study, in which a group,
comprising 8 male and 8 female rats, was dosed once at a
level of 5.0 g of wet HMX/kg. This was equivalent to
approximately 4.23 g dry HMX/kg. A dose volume of 8.33
ml/kg/day was used in the main study.

The rats were observed for 14 days following dosing after
which time they were sacrificed and subjected to a gross
post mortem examination.

All rats were weighed on dosing, at 7 days post dosing
and at sacrifice. Individual body weights are detailed
in Table 11.

A control group of 5 male and 5 female rats was dosed
with physiological saline at a constant dose volume of
8.33 ml/kg.

The control group rats were observed for 14 days
following dosing after which time they were sacrificed
and subjected to a gross post mortem examination.

All control group rats were weighed on dosing, at 7 days
post dosing and at sacrifice. Individual and mean body
weights are detailed in Table 12.
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Histopathology

Two portions of treated skin were taken at post mortem
and fixed for 3 weeks in 10% neutral buffered formalin.
Tissues were then processed and 4 um thick haematoxylin
and eosin stained sections prepared. These were examined
by a pathologist in random order.

d) Results

Dose Ranging Study

No deaths were recorded in the dose ranging study.

Reduced activity was noted in all animals in the 24 h
following dosing this probably being due to the
restrictive nature of the occlusive covering.

No abnormalities were noted at post mortem.

Main Study

i. In the main study, no deaths occurred in the 4.23 g
dry HMX/kg dose group.

Reduced activity was noted in all control animals
in the 24 h following dosing, this probably being
due to the restrictive nature of the occlusive
covering.

No abnormalities were noted at post mortem.

ii. No deaths were noted in the control group.

Reduced activity was noted in all control animals in
24 h following dosing, this probably being due to
the restrictive nature of the occlusive covering.

No abnormalities were noted at post mortem.
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Histopathology

No abnormalities were noted on histopathological examination
of skin samples in control or HMX treated animals.

Analysis of Results

The Percutaneous Median Lethal Dose (LD50) in rats of HMX in
physiological saline (60% w/v) is greater than 4.23 g dry
HMX/kg.
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5. ACUTE DERMAL TOXICITY (LD50) IN RABBITS

a) Materials

HMX (dried) from pots Nos. 1, 26, 27, 29, 33, 51, 52, 53,
59, 76, 77, 78 and 79.

Vehicle - 1% high viscosity CMC (Phases 2 and 3).

Physiological saline (Phases 1 and 2).

b) Animals

Male and female rabbits of the New Zealand White strain
were used. The mean body weight on being dosed for
Phases 1, 2 and 3 was 3.03 kg (range 2.56-3.66 kg) for
males and 3.11 kg (range 2.47-3.84 kg) for females. The
average body weight on being dosed in the main study was
3.13 kg (range 2.35-3.63 kg) for males and 3.08 kg (range
2.45-3.73 kg) for females.

They were housed individually in cages with a grid floor,
beneath which was a peat moss filled tray. Mean environ-
mental temperature was 18.50C (extremes of 150C-230C) for
the dose ranging studies and 17°C (extremes of 140C-20°C)
for the main study. Mean humidity was 68% (extremes of
58%-78%) for the dose ranging studies and 64% (extremes
of 53%-76%) for the main study.

They were fed Spratt's Rabbit Diet supplied by Spillers
and food and water were available ad libitum throughout
the study.

c) Method

The application site, which is the entire trunk of the
rabbit between the fore and hind limbs, was shaved and
the skin abraded (where applicable) in such a way as to
penetrate the stratum corneum but not the dermis by
making abrasions every 2-3 cm longitudinally over the
entire area of exposure, by means of a 'sterilin' blood
lancet.

The test material was applied to the prepared skin on a
piece of gauze of a length to cover approximately 10% of
the body surface (approximately 22 x 12 cm for a 3 kg
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rabbit). The gauze was covered with an impervious
covering of Sleek occlusive tape. The test substance was
kept in contact with the skin for 24 h. At the end of
the exposure period, the wrapping was removed and the
skin wiped to remove any remaining test material.

Animals were weighed on the day of administration and
weekly thereafter, until death or sacrifice. They were
observed frequently on the day of administration and in
the morning and afternoon for 14 days following
administration of the test substance, when surviving
animals were sacrificed.

Phase 1 (29 July-13 August 1980)

In Phase 1, HMX in physiological saline at a constant
concentration of 600 mg/ml was administered to one male
and one female rabbit, on abraded skin, for each of the 3
dose levels by varying dose volumes. The dose levels
investigated were 600, 1,800 and 3,000 mg dry HMX/kg/day
body weight.

At death/sacrifice each animal was subjected to a gross
post mortem examination where tissues were taken from
selected animals. The selected tissues were brain,
liver, kidney, spleen, heart and lungs and were fixed in
10% neutral buffered formalin. These were not examined
further.

Phase 2 (10 August-25 August 1960)

Due to the unexpectedly high toxicity of HMX experienced
in Phase 1 and some difficulties (homogeneity)
encountered with physiological saline as the vehicle,
Phase 2 was designed to confirm the high toxicity
experienced in Phase 1 and investigate the suitability of
1% CMC as an alternative vehicle. Aliquots of the
suspensions were taken at suitable intervals during
dosing for analysis.
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The dosing regime was as follows:-

i. HMX in physiological saline at a constant concen-
tration of 600 mg/ml and varying dose volumes was
administered to one male and one female rabbit on
abraded skin for each of the 3 dose levels. The dose
levels investigated were 600, 1,800 and 3,000 mg/kg.

ii. HMX in 1% CMC at a constant concentration of 600 mg/
ml and varying dose volumes were administered to one
male and one female rabbit, on abraded skin, for each
of 4 dose levels. The dose levels investigated were
300, 600, 1,800 and 3,000 mg/kg.

At death, or sacrifice, selected tissues were taken for
histopathological examination. The tissues taken were
the liver, kidneys, spleen, heart, lungs, brain, spinal
cord and 2 pieces of skin from the dorsal area and were
fixed in 10% neutral buffered formalin.

Phase 3

In Phase 3 a dose ranging study was followed by the main
study.

Dose Ranging (2 September-17 September 1980)

HM in CMC at a constant concentration of 600 mg/ml and
varying dose volumes was administered to one male and one
female on non-abraded skin for each of 3 dose levels.
The dose levels investigated were 600, 1,200 and 2,400
mg/kg.

Main Study (13 October-29 October 1980)

In the main study, 76 rabbits were randomly allocated to
8 test groups, each of 4 male and 4 female rabbits and 2
control groups, each of 3 male and 3 female rabbits.
Four test groups and one control group (vehicle only)
were abraded at the treatment site, the remaining 4
groups were non-abraded.

From the results of the Phase 1, Phase 2 and Phase 3 dose
ranging studies, 4 dose levels were selected for both
abraded and non-abraded groups. HMX in 1% CMC at a
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I
constant concentration of 600 mg/ml and at varying dose
volumes was administered dermally under occlusion. The
dose levels selected were 168, 372, 816 and 1,788 mg/kg.
Aliquots (3 per dose level) of the suspensions were taken
at suitable intervals for analysis.

The control groups were dosed at a constant dose volume
of 2.98 ml/kg 1% CMC.

At death or sacrifice, selected tissues were taken for
histopathological examination. The tissues taken were
the liver, kidneys, spleen, heart, lungs, brain, spinal
cord and 2 pieces of skin from the dorsal area and these
were fixed in 10% neutral buffered formalin.

d) Results

Phase I (Table 13)

HMX in physiological saline was investigated at dose
levels of 600, 1,800 and 3,000 mg/kg in 3 groups, each of
one male and one female rabbit. Mortality was 1/2, 2/2
and 2/2, respectively. Deaths occurred between 3 and 6
days after dosing.

Clinical signs included hyperkinesia, blood around nose,
clonic convulsions, laboured breathing, vocalisation and
loss of co-ordination.

At post mortem examination, the following observations
were recorded; blood in nasal cavity, subdural haemorr-
hage between cerebellum and cerebrum, slight pitting of
surface of kidneys and pale kidneys. Individual gross
pathological findings are given in Appendix 1.

Histopathological examination of the tissues taken was
not performed.

Phase 2 (Table 14)

This phase of dose ranging with HMX in either physio-
logical saline or carboxymethylcellulose gave the
following results:-

i. Treatment with HMX in physiological saline at dose
levels of 600, 1,800 and 3,000 mg/kg resulted in 0/2,
2/2 and 2/2 deaths, respectively. Deaths occurred
between l and 6 days after dosing.
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Major clinical signs observed were clonic con-
vulsions, hyperkinesia, miosis, laboured respiration,
mydriasis, dyspnoea, cyanosis and hypokinesia.

Observations noted at the post mortem examination
included red staining around nose, blood around mouth
creamy particulate matter in thoracic cavity and
pericardial sac fluid filled. Individual gross
pathological findings are given in Appendix 2.

No histopathological examination of tissues was
performed in this section.

ii. Treatment with HMX in high viscosity 1% carboxy-
methylcellulose at dose levels of 300, 600, 1,800 and
3,000 mg/kg resulted in mortality of 1/2, 1/2, 2/2
and 2/2, respectively.

Clinical signs noted were hyperkinesia, miosis,
clonic convulsions, blood around nose, vocalisation,
loss of mobility and laboured breathing.

Observations noted at post mortem examination
included red staining around mouth and nose, subdural
haemorrhage and small blood clot on the brain.

Individual gross pathological and histopathological
findings are detailed in Appendix 3.

The analysis of HMX from the sampled aliquots is presented
in Table 22.

Phase 3 (Table 15)

Dose Ranging

HMX suspended in 1% CMC was investigated in 3 groups,
each of one male and one female rabbit in three dose
levels 600, 1,200 and 2,400 mg/kg. Mortality was 1/2,
2/2 and 2/2, respectively. Deaths occurred 2 to 4 days
after dosing.

Clinical signs noted were hyperkinesia, clonic convul-
sions, vocalisation and animal unable to move hind legs.
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Observations noted at post mortem examination included
extensive bruising of hind legs, broken femur, clotted
blood in cervical region of spinal cord, clotted blood
between cerebellum and cerebrum and dark red lungs.

Individual gross pathological and histopathological
findings are given in Appendix 4.

Main Study

Two dose groups each of 4 male and 4 female rabbits were
dosed at each of 4 dose levels viz: 168, 372, 816 and
1,788 mg HMX/kg body weight. One of each of the dose
groups dosed at each dose level was abraded whilst the
other remained non-abraded. In addition, 2 control
groups, one abraded and one non-abraded were dosed at
2.98 ml/kg with the vehicle only.

Mortality in the non-abraded groups was 0/8, 0/8, 4/8 and
8/8 for each dose group, respectively. Mortality in the
abraded groups was 0/8, 0/8, 3/8 and 7/8 for each dose
group, respectively. One female non-abraded control
animal died 10 days after dosing with vehicle only.

The clinical signs noted during the study and obser-
vations noted at the post mortem examination are given
in Tables 16 and 17. An analysis of time of death/
sacrifice etc. is presented in Table 18. The incidence
of paralysis and/or broken limbs is presented in Tables
19 and 20.

The group incidence of histopathological findings are
detailed in Table 21.

Individual gross pathological and histopathological
findings are detailed in Appendix 5.

The analysis of HMX in sampled aliquots is presented in
Table 23. The method of analysis is detailed in Appendix
8.
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Statistical Analysis

The Percutaneous Median Lethal Doses (LD50s) and 95%
confidence limits in rabbits were calculated to be as
follows:-

6 non-abraded - 634.12 (532.49-735.75) mg/kg
abraded - 673.81 (562.34-785.28) mg/kg

9 non-abraded - 718.56 (595.59-841.53) mg/kg
9 abraded - 1336.70 (414.56-1758.84) mg/kg

6+9 non-abraded/abraded - 982.03 (861.46-1102.60) mg/kg
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6. INTRAVENOUS TOXICITY (LD50) IN RATS

a) Materials

HMX dried from pots Nos. 25, 26, 31, 32, 35 and 36.

Vehicle - dimethylsulphoxide (Batch No. 6055410;
BDH Chemicals Ltd) as a solvent.

b) Animals

Male and female rats of the Fischer 344 strain were used.
The mean body weight on being dosed was 169 g (range
156-189 g) in the dose ranging study for males and 145 g
(range 130-152 g) in the dose ranging study for females.
The average body weight in the main study was 197 g
(range 175-214 g) for males and 150 g (range 127-167 g)
for females.

They were housed in groups of 5, by sex, in polypropylene
cages with stainless steel grid tops and sterilised wood
shavings. Mean environmental temperature and 22*C
(extremes of 16°C-25*C) and mean humidity was 35%
(extremes of 20%-48%).

The animals were fed on BP Nutrition expanded Rat and
Mouse Maintenance Diet No. 1 and water was available
ad libitum throughout the study.

c) Method

The rats were dosed once by intravenous injection
(lateral tail vein) with freshly prepared dosing
solutions of dried HMX in dimethylsulphoxide at a
constant concentration of 250 mg/ml and at varying dose
volumes to give the required dose levels. Dimethyl-
sulphoxide was chosen as vehicle to avoid problems of
flocculation. The dosing solutions were filtered through
a millipore filter (pore size 0.22 pm) into a Vacutainer
before dosing.

Dose Ranging (18 December-2 January 1981)

In the dose ranging study, HMX in dimethylsulphoxide was
administered to one male and one female rat for each of
5 dose levels. The dose levels investigated were 10, 20,
30, 40 and 80 mg dry HMX/kg for males and 10, 20, 40, 80
and 160 mg dry HMX/kg for females. Dosing was carried
out on successive days to give maximum information.
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The rats were observed for clinical signs in the morning

and afternoon for 14 days following administration of the
test substance.

At death at the end of the observation period or at
termination, each animal was subjected to a gross post
mortem examination.

Main Study (23 December 1980-7 January 1981)

From the results of the dose ranging study, 5 dose levels
were selected for the main study in which 5 groups of
5 male and 5 female rats were injected by the venous
route. The dose levels investigated were 15.00, 19.50,
25.00, 32.50 and 42.50 mg dry HMX/kg in the males and
30.00, 45.00, 67.25, 101.50 and 152.50 mg dry HMX/kg in
the females.

An additional group of 5 male and 5 female rats was
injected with vehicle only (dimethylsulphoxide) at 0.17
ml/kg for the males and 0.61 ml/kg for the females.

The rats were observed for clinical signs in the morning
and afternoon for 14 days following administration of the
test substance. At death, or at the end of the
observation period and sacrifice, each animal was
subjected to a gross post mortem examination.

The LD50 was calculated using a method based on the
following:-

Finney (1971), "Probit Analysis", Cambridge
University Press.

d) Results

Dose Ranging (Table 24)

In the dose ranging study mortality was 0/1, 0/1, 1/1,
1/1 and 1/1 for the males in the 10, 20, 30, 40 and 80
mg/kg dose groups, respectively. For the females
mortality was 0/1, 0/1, 0/1, 0/1 and 1/I in the 10, 20,
40, 80 and 160 mg/kg dose groups, respectively.

Clinical signs included hypokinesia, clonic convulsions,
sedation, coma, slight paralysis of hind limbs and
unco-ordinated movements from 20 sec after injection.

No abnormalities were detected at post mortem
examination.

II
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Main Study (Table 25)

In the main study, mortality was 1/5, 0/5, 3/5, 3/5 and
4/5 for the males, in the 15.00, 19.50, 25.00, 32.50 and
42.50 mg/kg dose groups, respectively. For the females
mortality was 2/5, 3/5, 4/5, 5/5 and 5/5 in the 30.00,
45.00, 67.25, 101.50 and 152.50 mg/kg dose groups,
respectively.

Clinical signs included hyperkinesia, increased regular
breathing, vocalisation, clonic convulsions, paralysis of
hind limbs and coma from 30 sec after injection.

One male rat in the 42.50 mg/kg dose group received the
dose subcutaneously not intravenously. The LD50
calculation was carried out excluding this animal.

Post mortem observations included red foci and dark red
patches on all lung lobes.

There were no deaths in the control group and no clinical
signs were recorded and no abnormalities were detected at
post mortem.

The Intravenous Median Lethal Doses (with 95% confidence
limits) of dry HMX in rats were calculated to be:-

6 25.13 (23.04-27.41) mg/kg
9 38.08 (32.25-43.91) mg/kg
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7. INTRAVENOUS TOXICITY STUDY IN RABBITS (DOSE RANGING)

a) Materials

HMX (dried) from pots Nos. 19 and 23.

Vehicle - dimethylsulphoxide (Batch No. 6055410 BDH
Chemicals Ltd) as a solvent.

b) Animals

Male and female rabbits of the New Zealand White strain
were used. The mean body weight on being dosed was 3.0
kg (range 2.63-3.32 kg) for the males and 3.11 kg (range
2.83-3.28 kg) for the females.

They were housed individually in cages with a grid floor,
beneath which was a peat moss filled tray. Mean environ-
mental temperature was 19*C (extremes of 15°C-22°C) and
mean humidity was 59% (extremes of 50%-79%).

The animals were fed on Spratt's Rabbit Diet supplied by
Spillers and food and water were available ad libitum
throughout the study.

c) Method

The test commenced on 26 November 1980 and was completed
on 18 December 1980.

The rabbits were dosed once by intravenous injection
with freshly prepared dosing solutions of dried HMX in
dimethylsulphoxide at various concentrations and
appropriate dose volumes to give the required dose
levels. Dimethylsulphoxide was chosen as vehicle to
avoid potential problems of flocculation. The dosing
solutions were filtered through a millipore filter (pore
size 0.22 )jm) into a Vacutainer.

HM6 was administered to one male and one female rabbit
for each of 7 dose levels. The dose levels investigated
were 10 and 1 mg dry HMX/kg at a concentration of 50 mg/
ml and 5, 10, 20, 15 and 12.50 mg dry HMX/kg at a
concentration of 250 mg/ml. Dosing was on successive
days to achieve maximum information.

The concentration of HMX was increased from 50 to 250
mg/ml to reduce the volume of DMSO injected and therefore
reduce the possible effects of injecting large volumes of
DMSO.
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An additional one male and one female rabbit were
injected with vehicle only (dimethylsulphoxide) at 0.20
ml/kg.

The rabbits were observed in the morning and afternoon for
14 days following administration of the test substance.
At the end of the observation period, a 5 ml whole blood
sample was taken from surviving rabbits and centrifuged
at 2,000 r.p.m. gor 15 min. The plasma was then decanted
and stored at -4 C for possible use in any future bio-
chemical or metabolism study. At death or at the end of
the observation period and sacrifice, each animal was
subjected to a gross post mortem examination.

d) Results

Mortality was 2/2 and 0/2 in the 10 and 1 mg/kg dose
groups, respectively and 0/2, 0/2, 1/2, 2/2 and 2/2 in the
5, 10, 12.50, 15 and 20 mg/kg dose groups, respectively.

Clinical signs included hyperkinesia, aggression, vocal-
isation, difficulty breathing, prostration, immobility,
slight epistaxis, dyspnoea and clonic convulsions from
10 sec-5 days after administration. Details of these are
given in Table 26.

There were no abnormalities detected at post mortem exam-
ination.

There were no deaths in the control group and no clinical
signs were recorded. The only observation noted at post
mortem was a 7 mm x 3 mm white patch on right hand lobe at
posterior edge of the liver in the female of the control
group.

7463
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8. PRIMARY SKIN IRRITATION IN RABBITS

a) Materials

HMX (dried) from pots Nos. 29 and 76 - 60% w/w in
physiological saline

Sodium lauryl sulphate - 10% w/w in distilled water

(positive control)

b) Animals

Three male and three female New Zealand White Rabbits,
initially weighing between 2.50 and 3.0 kg were used.

They were housed individually in cages with a grid floor,
beneath which was a peat moss filled tray. Mean environ-
mental temperature was 20*C (extremes of 16°C-23°C) and
mean humidity was 64% (extremes of 60%-74%).

The animals were fed on Spratt's Rabbit Diet supplied by

Spillers and food and water were allowed ad libitum.

c) Method

The test was commenced on 22 July 1980 and completed on
26 July 1980.

The rabbits were prepared by clipping the skin of the
back and flanks of all animals free from hair and 2 of
the 4 test areas on each rabbit were abraded using a
'sterilin' blood lancet (see Table 27 for patch arrange-
ment).

The test and control materials were tested on each rabbit
and applied in the following manner: 0.5 ml of each of
the test and positive control materials were applied
under separate 2.5 cm2 patches of filter paper to both
intact and abraded skin of each animal. The patches
were covered by an overlapping patch of impermeable
plastic adhesive tape (Blenderm). Tha whole area was
then bound by Sleek occlusive tape wrapped round the
entire trunk of the animal. The patches were left in
position for 24 h. At the end of the this period, they
were removed, the site was gently wiped (not washed) to
remove any remaining test substance.

The test sites were scored immediately and again after
48 h to give the required 24 h and 72 h readings.
Readings were evaluated according to FDA scoring system
(see Appendix 6 for scoring system).
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d) Results

Detailed results are to be found in Tables 27 and 28.

HMX Treated Sites

The test product HMX in physiological saline (60% w/w),
elicited very slight (score 1) to well defined erythema
(score 2) at both abraded and non-abraded sites on 3/6
rabbits. Remaining rabbits showed no response to HMX at
24 h. At 72 h erythema persisted in one rabbit at both
the abraded and non-abraded sites.

Very slight to slight (score 1 to 2) oedema was noted on
both abraded and non-abraded sites on 2 rabbits, the
remaining animals showing no response on either site at
24 h. At 72 h very slight oedema persisted in one rabbit
at the non-abraded site.

Control Treated Site

The positive control product (sodium lauryl sulphate 10%
w/w in distilled water) elicited very slight erythema
(score 1) in one rabbit, well defined erythema (score 2)
in 3 rabbits and moderate to severe erythema (score 3) in
the remaining 2 rabbits at 24 h. Dryness was noted on
3 rabbits at 24 h on abraded and non-abraded sites. At
72 h one rabbit had well defined erythema, 3 rabbits
moderate to severe erythema and 2 rabbits severe
erythema on both abraded and non-abraded sites. Dryness
had persisted on both abraded and non-abraded sites.

One rabbit showed very slight oedema (score 1), one rabbit
slight oedema (score 2), one rabbit moderate oedema
(score 3) and the remaining 3 rabbits severe oedema
(score 4) on both abraded and non-abraded sites at 24 h.
At 72 h, 2 rabbits had slight oedema, 3 rabbits moderate
oedema and the remaining rabbit showed severe oedema on
both abraded and non-abraded sites.

0503
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Calculations of Primary Skin Irritation Scores are
detailed in Table 27 and were:-

HMX (dried) in physiological saline (60% w/w) 0.67

Sodium lauryl sulphate in distilled water 5.59
(10% w/w).

These scores may be rated against the following system of
grading as devised by Draize:-

0-2 Mild irritant
2-5 Moderate irritant
6+ Severe irritant.

0212
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9. EYE IRRITATION IN RABBITS (HMX IN DISTILLED WATER)

a) Materials

HMX (dried) from pots Nos. 76 (17.5% water) and
29 (18.7% water).

HMX was prepared in distilled water at 60% w/w.

b) Animals

Three male and three female New Zealand White rabbits,
initially weighing between 2.5 and 3.0 kg were used.

They were housed individually in cages with a grid floor
beneath which was a peat moss filled tray. Mean environ-
mental temperature was 21°C (extremes of 16*C-23°C) and
mean humidity was 65% (extremes of 60%-78%).

The animals were fed on Spratt's Rabbit Diet supplied by

Spillers and food and water were allowed ad libitum.

c) Method

The test was commenced on 23 July and completed on
30 July 1980.

The quantity of test material instilled into each treated
eye was 0.1 ml and instillation of the test material was
by the following technique:-

The rabbit was held firmly but gently and the test
material placed into the right eye by gently pulling the
lower eyelid away from the eyeball to form a sac into
which the test material was instilled. The other eye
remained untreated to serve as a control.

The eyes were examined for irritation using standard
illumination. The ocular reaction was recorded at 1 h,
24 h and 2, 3 and 7 days after treatment.

Ocular reactions were assessed numerically using the
scoring system as detailed in Appendix 7.

d) Results

The test results are detailed in Table 29.

The test material elicited no corneal or iridial response
at any stage of the test.
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Slight redness (score 1) of the conjunctivae was noted in
2/6 treated eyes at I h. One treated eye showed slight
redness (score 1) at 7 days. 5/6 treated eyes had
returned to normal at 24 h.

Test material was evident as aggregations in the inner
corner of the eye at 1 h in all treated eyes and in 1/6
treated eyes at 24 h.

0502
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10. EYE IRRITATION IN RABBITS (DRIED HMX)

a) Materials

HMX (dried) from pots Nos. 76 and 29.

b) Animals

Three male and three female New Zealand White rabbits,
initially weighing between 2.5 and 3.0 kg were used.

They were housed individually in cages with a grid floor
beneath which was a peat Eoss filled tray. 0Mean0environ-
mental temperature was 20 C (extremes of 16 C-23 C) and
mean humidity was 66% (extremes of 58%-78%). The animals
were fed on Spratt's Rabbit Diet supplied by Spillers and
food and water were allowed ad libitum.

c) Method

The test was commenced on 13 April and completed on
20 August 1980.

The quantity of test material applied to each treated eye
was 500 mg pre-weighed into capsules. Instillation of the
test material was by the following technique:-

The rabbit was held firmly but gently and the test
material placed into the right eye by gently pulling the
lower eyelid away from the eyeball to form a sac into
which the test material was dropped from a prepared
capsule. The other eye remained untreated to serve as a
control.

The eyes were examined for irritation using standard
illumination. The ocular reaction was recorded at I and
24 h and at 2, 3 and 7 days after treatment.

Ocular reactions were assessed numerically using the
scoring system as detailed in Appendix 7.

d) Results

The test results are detailed in Table 30.

The test material elicited no corneal or iridial response
at any stage of the test.

8719
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Slight redness (score 1) of the conjunctivae was noted in
6/6 treated eyes at I h and in 2/6 treated eyes at 24 h.
Very slight redness (score k) was noted in 2/6 treated
eyes at 24 h.

Very mild conjunctival chemosis was noted in 2/6 treated
eyes at I h. All eyes had returned to normal at 2 days.

Although the nominal dose was 500 mg/treated eye, excess
test material fell out of the eye immediately after instil-
lation. In all animals the maximum possible volume of
test material was instilled.

1710
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11. ALLERGENIC POTENTIAL IN GUINEA PIGS (MAGNUSSON-KLIGMAN
MAXIMISATION TEST)

a) Materials

HMO from pots Nos. 2, 29, 54 and 76.

p-Phenylenediamine, Batch No. 2289790 (BDH Chemicals Ltd)

Sodium lauryl sulphate, Batch No. 15 (Fisons Laboratory
Reagent)

Freunds Complete Adjuvant, Batch Nos. 645585 and 629620.

b) Animals

Female albino guinea pigs of the Dunkin-Hartley strain,
within the weight range 350-400 g, were used.

For each of the 3 tests, 25 test group animals were allo-
cated equally into 5 cages, 10 control group animals were
allocated equally in 2 cages and 2 dose finding animals
were housed in a single cage.

The cages had a grid floor beneath which was a peat moss
filled tray.

The animals were fed on BP Nutrition FDI Diet, sup-
plemented with hay. They were allowed food and water
ad libitum.

Th8 mea8 environmental temperature was 21 C (extremes of
18 C-24 C) and mean humidity was 63% (extremes of 52%-
74%).

c) Method

The test programme was commenced on 17 July and completed
on 10 August 1980.

Guinea pigs were allocated to the following groups:-

Group I 25 guinea pigs HMX (test group)

Group II 25 guinea pigs p-Phenylenediamine (positive
control group)
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Group III 25 guinea pigs Sodium lauryl sulphate
(negative control group)

Group IV 10 guinea pigs Irritancy controls for
Group I

Group V 10 guinea pigs Irritancy controls for
Group II

Group VI 10 guinea pigs Irritancy controls for
Group III

Dose 6 guinea pigs (one pair for each of
finding groups I-III).

The maximisation test comprises 2 procedures. The
induction procedure consists of an intradermal injection
of the test material followed after 7 days by a topical
application.

The challenge procedure, which consists of a topical
application is carried out 21 days after commencement of
the induction procedure.

Induction Procedure

i. Injection Phase

The hair was shaved from an area 4 x 6 cm across the
scapular region with electric clippers. Two courses
of intradermal injections were given, one on either
side of the mid line in Groups I, II and III as
follows:-

0.1 ml Freunds Complete Adjuvant
0.1 ml test material alone
0.05 ml test material emulsified with 0.05 ml

Freunds Complete Adjuvant

The test materials and concentrations injected were

as follows:-

Group I HMX - 6.67% w/v in distilled water

Group II p-Phenylenediamine 2% w/v in
distilled water

Group III Sodium lauryl sulphate - 1% w/w in
distilled water

I1
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In addition, 36 guinea pigs were injected with
Freund's Complete Adjuvant only (2 injections of
0.1 ml). Six of these were used for determining the
maximum non-irritant concentration of the test
materials in their solvents in Groups, I, II and III
in a dose ranging experiment. Thirty were used as
controls for irritancy of the test materials at the
challenge phase.

ii. Topical Induction

Six days after the injection phase, the injection
site of animals in Groups I, II and III was shaved
again. Twenty four hours later a 2 x 4 cm patch of
Whatman No. 3 mm filter paper saturated with the test
material was applied to the pre-treated area and the
patch was covered by an overlapping patch of imper-
meable plastic adhesive tape (Blenderm) firmly
secured in position by an elastic adhesive bandage
wound round the torso of the animal. This dressing
was left in place for 48 h. The control guinea pigs
(Groups IV-VI) remained untreated at this stage. The
concentrations of test material applied were as
follows:-

Group I HMX - 60% w/v in distilled water.

Group II p-Phenylenediamine - 2% w/v in
distilled water.

Group III Sodium lauryl sulphate - 1% w/w in
distilled water.

Dose Ranging Experiment

A maximum non-irritant concentration of HMX,
p-Phenylenediamine and sodium lauryl sulphate was deter-
mined each in a pair of guinea pigs, hitherto treated
with 2 injections of Freunds Complete Adjuvant only.

The test materials were applied at a series of concen-
trations to the shaved flanks of the guinea pigs under
the same occlusive patch system used for the topical
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induction. The test materials were tested at the

Group I HMX - 60% w/v and 30% w/v in paraffin
oil.

Group II p-Phenylenediamine - 2% w/v and 1%
w/v in distilled water.

Group III Sodium lauryl sulphate - 1% w/w and
0.5% w/w in distilled water.

No irritant responses were observed in any group at any
concentration and, therefore, the non-irritant concen-
trations for each group selected for application in the
challenge phase were as follows:-

Group I HMX - 60% w/v in paraffin oil.

Group II p-Phenylenediamine - 2% w/v in distilled water.

Group III Sodium lauryl sulphate - 0.5% w/w in distilled
water.

Challenge Procedure

All animals in Groups I-VI were challenged 3 weeks after
the injection phase. Hair was removed from a 5 x 5 cm
area on the left flank using an electric clipper. The
test material, at the pre-selected concentration, was
then applied on a 2 x 2 cm patch of filter paper as for
the topical induction, occluded as before with 'Blenderm'
and held in place with an elastic adhesive bandage for
24 h. The control guinea pigs (Groups IV-VI) which were
pre-treated with Adjuvant only at the injection phase,
were included to check on the irritancy of the test
materials at the challenge concentration.

The degree of response was determined by trained assessors
24 h after removal of the challenge patch, when any
allergic reaction would have been at a peak. Any erythema
at the challenge site was considered to be a positive
response.

The following system was used to score reactions:-

No visible change 0
Slight or discrete erythema 1
Moderate and confluent erythema 2
Intense erythema and smelling 3
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d) Results

Challenge scores for Groups I-VI are detailed in Tables
31-32.

Groups I and IV

Preliminary tests indicated that HMX should be non-
irritant at a concentration of 60% w/v in paraffin oil on
adjuvant pre-treated guinea pigs when applied to the
shaved flank under occlusion.

HMX did not elicit positive responses in the test group
(Group I) after challenge of the 25 guinea pigs by topical
application.

HMX was tested at the challenge phase on 10 guinea pigs
which were Adjuvant pre-treated only.

None of these irritancy control group animals (Group IV)
reacted positively to this topical application, so
supporting the dose ranging results that at a concen-
tration of 60% w/v in paraffin oil this test material
would be non-irritant.

Groups II and V

After being challenged with p-Phenylenediamine at a
concentration of 2% w/v in distilled water, 24/25 test
group (Group II) animals showed moderate and confluent
erythema (score 2) while 1/25 test group animals showed
slight erythema (score 1).

None of the control group (Group V) animals showed
erythema when challenged with p-Phenylenediamine at a
concentration of 2% w/v in distilled water, so supporting
the dose ranging results that at that concentration the
test material would be non-irritant.

All challenge sites were noted as being stained dark brown
on assessment.
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Groups III and VI

After challenge with sodium lauryl sulphate at a concen-
tration of 0.5% w/w in distilled water, no test group
animals (Group III) showed erythema at challenge sites.

None of the control group (Group VI) animals showed
erythema when challenged with sodium lauryl sulphate at a
concentration of 0.5% w/w in distilled water, so support-
ing the dose ranging results that at that concentration
the test material would be non-irritant.
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DISCUSSION AND CONCLUSIONS

A programme of acute toxicity studies was carried out at
Inveresk Research International to determine the acute oral,
intravenous and percutaneous toxicity potential of HMX, as well
as the potential to irritate skin or eye or sensitise.

1. Acute Oral Toxicity

In acute oral toxicity tests on rats and mice HMX was of
low toxicity. HMX was slightly more toxic to mice than
rats and there were also signs of sex difference in
toxicity between male and female mice which was not as
obvious in rats.

An oral dosing study in rabbits indicated that HMX was
slightly toxic with a possible Oral Median Lethal Dose
(LD50) of between 100 and 200 mg/kg in males and a
possible value below 50 mg/kg for females.

In rabbits the most severe clinical signs indicated that
treatment with HMX caused CNS effects which were delayed
and prolonged.

2. Acute Percutaneous Toxicity

An acute dermal study in rats with HMX in physiological
saline resulted in no deaths at the one dose level
investigated which was 5 g HMX/kg body weight. HMX may
be considered to be non-toxic to rats by the dermal
route.

The rabbit, again, was much more susceptible to HMX than
the rat. HMX was applied to abraded and non-abraded skin
and was found to be toxic in both. In males and females
with non-abraded skin there were no obvious sex
difference in response with LD50 values in the region of
675 mg/kg. On abraded skin there was a sex difference
with males being more susceptible than females (LD50
values of 673 mg/kg - males and 1,336 mg/kg - females).

Clinical signs were delayed and included convulsions
and behavioural changes indicating a CNS effect.

Gross necropsy and histopathology did not reveal any
specific cause for the observed clinical signs and
mortality. There was some evidence of dose related
incidence of heptocyte eosinophilic staining. A similar
sporadic response was found for splenic white pulp cell
depletion.
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3. Acute Intravenous Toxicity

The acute intravenous toxicity of HMX was established in
rats and rabbits. Dimethylsulphoxide (DMSO) was used as
the solvent, and in order to minimise the solvent effects
dosing was carried out with HMX at the highest concen-
tration possible (i.e. 250 mg/ml). Dose levels were
varied by varying the dose volume. Deaths occurred almost
immediately after dosing and HMX by the intravenous route
was toxic to both male and female rats (31 mg/kg - males,
and 38 mg/kg for females).

A similar result was shown in the rabbit intravenous study
with the intravenous LD50 of HMX being in the region of
10-15 mg/kg.

Further studies are required to determine the reasons for
the differing effects of HMX, as seen (i) between species
(e.g. dermally in rat and rabbits) and (ii) between routes
(e.g. dermally/orally and intravenously in rats).

4. Dermal Toxicity (Irritation/Sensitisation)

HMX in physiological saline elicited only mild irritation
under 24 h occlusive patch conditions.

The Magnusson-Kligman guinea pig maximisation test for
delayed contact hypersensitivity gave no indication
that HMX might be a sensitiser.

These tests indicate that there should be no such problems
associated with the handling of HMX.

5. Ocular Irritation

There was no indication from rabbit eye irritation tests
that HMX (which was tested in distilled water as a
suspension and as the dried powder) is an eye irritant.

5295

Immm



45

.0
04j

0 00

CL 4.~ 0W

01

ea 0'0'. "
0: 0

Ul 4' j) 0' )

En 0 41 40 W0

t0 -

4'-

4' - 0 - 0 0 0 r

000 0 0

00

4V)

0 41U

en 4' 444)-

2)0'

al 0. 0. C->.4

z'- 0 0 0



46

-4~~4 4-' a)' 0

0 0 U nL

-4 .0 414 A4 44

>4 >4 4'

I. *-4 -4 4 In4

-4 fo LA. 4 0- -
0~ 0 0 w m In 4J

to 41 In 3:- uC Lr.' EC4-

cnLn4f In Wn In n r n al In V)

a4 I4 C4~ In mn In *n

'4-- 'C CV V C .C

twC Q) t

C ~ ~ ~ ~ ~ ~ ~ ~ ~ 4 C ) U ) U U ) I )NC IN I CN II

C mC

>4 0 En 0 C. (c N
co .. .. > , :-, n- ' I

E. -4 .4 M .4 4j
E- In 0l u4 .IC .44

V >4 m >.W >4 I w
-4 41 MC rC . c> 41

-~m un cc (N 00CnC. ~ I

0 ~~~ Ln co . ~ * 44~ -n
4- 4 . In In In - IN In-'

-4 4 ~ L -'n 4 --- I - '

00

00
uC

V

x0 0 - 1 . 1 . 1 .0
o 0 0 L n 0 0 LA 0 -

to C4. (4 M fn -- WLn L D

C4 IC 0n v (4n%0 I



'47

TABLE 3

HMX: Acute Oral Toxicity (LD50) Study in Rats

Dose Ranging Study

Analysis of HMX

Dose Wet/(Diy) HMX Dried HMX Dried DeviationSample Level Nominal FConcentration Average rom
No. (mg Wet Concentratlon Found Concentration Nominal

HMX/kg) (mq/ml) (ng/ml) (mg/ml) (mg/mil)

101 300 15.0 11.79

102 (12.0) 13.03 12.16 0.16

103 11.65 (1%)

104 700 35.0 28.43

105 (28.0) 29.40 29.45 1.45

106 30.51 (5%)

107 1500 75.0 54.77

108 (60.0) 62.40 61.47 1.47

109 67.25 (2%)

110 5000 250.0 205.23

ill (200.0) 188.59 201.53 1.53
112 210.78 (1%)

113 15000 750.0 533.87
114 (600.0) 568.54 561.61 38.39

115 582.41 (6%)
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TABLE 4

HMX: Acute Oral Toxicity (LD50) Study in Rats

Main Study

Analysis of HMX

Dose Wet/(Dry) HMX Dried HMX Dried Deviation

Sample Level Nominal Concentration Averaoe From
No. (mg Wet Concentration Found Concentration Nominal

HMX/kg) (mq/ml) (mg/ml) (mg/ml) (mg/ml)

1 3000 150.00 127.11

2 (121.05) 132.37

3 122.28

4 130.58

5 137.51 127.83 6.78

6 135.20 (5.6%)

7 128.27

8 128.96

9 108.16

10 4500 225.00 186.21

11 (181.58) 196.12

12 168.39

13 176.80

14 169.87 184.20 2.62

15 201.07 (1.4%)

16 169.87

17 205.23

18 184.23

mmm mmmmmmm m m~mmm
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TABLE 4 (cont. iued)

Dose Wet/(Dry) hMX Dried iIMX Dried Deviation
Sample Level Nominal Concentration Average From
No. (mg Wet Concentration Found Concentration Nominal

HMX/kg) (mq/ml) (mg/ml) (mg/ml) (mg/ml)

19 6750 337.50 252.38

20 (272.36) 244.40

21 291.21

22 261.49

23 293.98 272.48 0.12

24 288.43 (0%)

25 261.16

26 295.83

27 263.47

28 10125 506.25 390.59

29 (408.54) 395.21

30 369.21

31 403.53

32 403.53 396.75 11.79

33 400.76 (3%)

34 441.43

35 351.88

36 414.62

37 15187.5 759.38 665.62

38 (612.82) 637.88

39 679.48

40 603.21

41 672.55 639.42 26.6

42 NO SA14PLE (4.3%)

43 621.24

44 654.52

45 582.41
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TABLE 7

HMX: Acute Oral Toxicity (LD50) Study in Mice

Dose Ranging Study

Analysis of HMX

Dose Wet/(Dry) HMX Dried HMX Dried Deviation
Sample Level Concentration Averaqe From

Nominal Found Concentration Nom
No. (mg Wet Concentration Nominal

HMX/kg) (mq/ml) (rig/ml) (mg/ml) (mg/ml)

116 300 15.00 12.33

117 (12.00) 13.56 13.25 1.25

118 13.87 (10%)

119 700 35.00 30.23

120 (28.00) 29.89 29.98 1.98

121 29.81 (7%)

122 1500 75.00 65.17

123 (60.00) 56.16 61.24 1.24

124 62.40 (2%)

125 5000 250.00 208.00

126 (200.00) 220.49 205.23 5.23

127 187.20 (3%)

128 15000 750.00 540.81

129 (600.00) 644.81 584.72 15.28

130 568.54 (3%)
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TABLE 8

HMX: Acute Oral Toxicity (LD50) Study in Mice

Main Study

Analysis of HMX

Dose Wet/(Dry) HMX Dried HMX Dried Deviation

Sample Level Nominal Concentration Averaqe From
No. (mg Wet oncentration Found Concentration Nominal

HMX/kg) (mq/ml) (mg/ml) (mg/ml) (mg/ml)

46 1200 60.00 51.59

47 (48.00) 45.76

48 41.60

49 49.37

50 44.49 45.90 2.10

51 40.68 (4%)

52 52.00

53 45.30

54 42.29

55 2040 102.00 75.81

56 (81.60) 72.11

57 72.11

58 77.66

59 89.67 79.15 2.45

60 74.88 (3%)

61 86.67

62 84.36

63 79.04
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TABLE 8 (continued)

Dose Wet/(Dry) HMX Dried HMX Dried Deviation
Sample Level Nominal Concentration Averaqe From

No. (mg Wet Concentration Found Concentration Nominal
HMX/kg) (mq/ml) (mg/ml) (mg/ml) (ma/ml)

64 3468 173.40 124.80

65 (138.72) 115.10

66 133.47

67 130.14

68 144.22 126.88 11.84

69 128.96 (8.5%)

70 126.34

71 119.26

72 119.60

73 5896 294.78 240.36

74 (235.A2) 244.56

75 249.61

76 242.67

77 249.61 240.16 4.34

78 227.42 (2%)

79 244.98

80 235.74

81 226.49

82 10023 501.13 419.97

83 (400.90) 404.12

84 459.59

85 454.14

86 388.28 413.34 12.44

87 366.09 (3%)

88 NO SAMPLE

89 435.82

90 392.73

!I

| mmmmmm m mmmmm_ -- -
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TABLE 10

HMX: Acute Dermal Toxicity (LD50) Study in Rats

Body Weights - Dose Ranging Study

Body Weight

Animal Dose Level On Dosing At 7 Days' At Gain/
O./Sex (g/~g) (g) Post Dosing Sacrifice (loss)

(g) (g) (g)

712 0.5 242 251 276 34

75. 156 178 194 38

722' 1.0 234 256 280 46

76* 140 156 180 40

73,; 2.0 235 254 274 39

77+ 154 168 181 27

74J* 5.0 224 248 260 36

78+ 160 178 191 31
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TABLE 11

HMX: Acute Dermal Toxicity (LD50) Study in Rats (Abraled Skin)

Body Weights: Main Study

Body Weight

Animal Dose Level On Dosing At 7 Days' At Gain/
SPost Dosing Sacrifice (loss)

No./Sex (g/kg) (g) (q) () (g)

89S 5.0 243 254 262 19

90 239 245 253 14

91 246 250 254 8

92 244 248 252 8

93 236 251 260 24
94 237 239 248 11

95 221 229 239 18

96 250 241 235 (15)

97; 155 155 155 0

98 149 146 143 (6)

99 138 144 153 15

100 157 158 161 4

101 144 142 140 (4)

102 149 144 145 (4)

103 157 157 156 (1)

104 167 166 164 (3)

mmmmmmmmmm m~n mm • • •m •mnnm m mm
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TABLE 12

Acute Dermal Toxicity (LD50) Study in Rats

Body Weichts - Control Group

Body Weight

Animal On Dosing At 7 Days' At Gain/
No./Sex (g) Post Dosing Sacrifice (loss)(g) (g) (g)

79S 204 258 284 80

80 256 266 278 22

81 255 263 270 15

82 231 248 252 21

83 223 225 227 4

84 160 164 167 7

85 162 160 151 (9)

86 149 156 162 13

87 143 142 142 (1)

88 147 147 147 0
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TABLE 16

HMX: Acute Dermal Toxicity (LD50) Study in Rabbits

Main Study - Non-Abraded

Anm Dse ve Clinical Signs (Days affected Deaths P.A Observations (Day of Death
No. Gro D L after dosing) After Dosing)sex Go

200-203 14 0.28 ml/kg Hyperkinesia, hypokinesia, 0/4 (S) Spleen enlarged, tracheal
204-207 168 mg/kg miosis, clonic convulsions 0/4 (S) mucosa dark red in colour

aggressive and timid.
(3-10).

216-219, 16 0.62 ml/kg Hyperkinesia, mydriasis, 0/4 (S) Tracheal mucosa dark red
220-223 6 372 mg/kg hypokinesia, clonic con- 0/4 (S) in colour. Lungs redder

vulsions, aggressive, than normal. Mottled
timid, left hind limb liver - fissures promi-
stiff and unable to move nent. Spleen pale in
it, miosis. (4-14). colour. Kidneys mottled

in appearance.

232-2352 1.36 ml/kg Severe clonic convulsions, 3/4 232,(5) no abnormality
236-239. 18 816 mg/kg miosis, hyperkinesia, ete-cted.

hypokinesia, timid, myd- 1/4 233,(3) right hind leg
riasis, unable to move broken. Kidneys - both
hind limbs, aggressive. show prominent surface
(3-12). blood vessels.

235z(3) kidneys - numer-
ous 2-4 mm areas of dark
red depression.
239z(5) liver - fissuring
prominent. Trachea -
mucosa dark red. Lungs
dark red in colour.

..........................

*Lungs irregular dark area

on all lobes. Tracheal
mucosa dark red in
colour. Spleen large.

248-2512 2.98 ml/kg Hyperkinesia, blood around 4/4 248S(3) abdominal muscle252-255. 20 1788 mg/kg nose, timid, clonic con- 4/4 ruptured on left side.
vusion, aggressive, vocal- Two small 0.5 cm diameter
isation, prostration, perforations in ileum
(2-9). which lay in subcutaneous

tissue. Left femur
broken - associated muscl
bruising. Lungs deep red2 49

e(
3
) kidneys - several

1- mm dark red foci.
Lungs - several 1-2 mm
dark red foci on all
lobes. Watery dis-
charge from mouth.
250c(5) lungs - numerous

dakareas in all lobes.
Trachea - mucosa dark red
in colour.
251d(3) pink staining
around nose and mouth.
Liver mottled. Kidneys
irregular reddening.
Lungs - occasional 1-2 mm
red foci on all lobes.

(S) = Sacrificed at end of 14 day observation period
* uroad ouservation o. survivors



65

TABLE 16 (continued)

Animal. D Clinical Signs (days affected P,1 Observations (Day of DeathNo./ u Doe Lejel Ciiasin(ayafetd Deaths
Sax Gopafter dosing) After Dosing)

248-251S 2529(3) pink staining
252-2559 around mouth, Kidneys -
(cont). irregular reddening.

Lungs - all lobes show
many pinpoint bright red
foci. Heart - left ven-
tricle dilated.
2539(9) blood around nose
and-mouth. Front tooth
broken. Kidneys mottled.
Lungs - edge of left lobe
10 mm dark red area.
2542(4) blood around nose.
Liver mottled. Kidneys
pale and mottled. Spleen
small. Lungs dark red.
Subcutaneous bruising on

I top of skull.
2559(3) pink staining
around nose and mouth.
Lungs dark red in colour.
Kidneys - appear to be
areas of bruising. Skull

- extensive bruising on
top of skull.

264-266 2 2.98 ml/kg Diarrhoea, piloerection. 0/3 (S) 269£(10) no abnormality
267-269; 22 Control (4-9). 1/3 (10

vehicle Tracheal mucusa dark red
in colour. Spleen large.

_ __ -Liver fissuring prominent.(

S - Sacrificed at end of 14 day observation period
*Group observation of survivors
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TABLE 17

HMX: Acute Dermal Toxicity (LD50) Study in Rabbits

Main Study - Abraded

Animal Dse ClinicalSigns (dasaffected PMObservaticns (Day of Death
NO. Group after dosing) Deaths After Dosing)

208-21131 0.28 ml/kg Hyperkinesia, hypokinesia, 0/4 (S) Lunqs - irregular dark
212-2159 15 168 mg/kg miosis, clonic convulsions 0/4 (S) areas on all lobes.

aggressive, timid, myd- Tracheal mucosa slightly
riasis, vocalisation. red in colour; red froth
(3-10). exuding from trachea.

Kidneys pale.

224-2273 17 0.62 ml/mg Hyperkinesia, mydriasis, 0/4 (S) Liver lobulation promi-
228-2312 372 mg/kg miosis, hypokinesia, 0/4 (S) nent. Kidneys mottled.

clonic convulsions, Tracheal mucosa dark red
aggressive, timid. (3-11). in colour. Auxiliary lobe

to soleen 14 mm x 8 mm.

240-2433 19 1.36 ml/kq Severe clonic convulsions, 2/4 240r(4) kidneys pitted
244-247z 816 mg/kg miosis, hyperkinesia, surface. Lungs irregular

hypokinesia, timid, myd- 1/4 dark areas all lobes.
riasis, unable to move Skull - areas of bruising
hind limbs, aggressive, on too of head, subdural
(3-14). haemorrhage between

cerebellum and cerebral
lobes.
2432(3) as for 247
24-7(3) irregular dark red
patches on all lobes of
lungs.

256-259' 2.98 ml/kq Hyperkinesia, miosis, myd- 4/4 256a(4) spleen small,
260-2633 21 1788 mg/kg riasis, timid, clonic con- tracheal mucosa dark red.

vulsion, vocalising, blood Bruising on top of skull.
around nose and mouth, 3/4 257 (3) no abnormality
unable to move hind limbs, detected.
difficulty in breathing, 258zr(5) no abnormality
cyanosis. (2-14). detected.

259S(3) liver fissuring
obvious. Bladder very
large.
261(3) spleen small.
Lungs irregular reddening.
262Y(3) bladder grossly
distended.
263 (4) tracheal mucosa
red. Lungs dark red in
colour. Bruising on top
of skull.

*Tracheal mucosa dark red

in colour.

270-2721 23 2.98 ml/kg No abnormality detected. 0/3 (S) tracheal mucosa red in
273-2759 Control 0/3 (S) colour. Lungs extensive

vehicle irregular reddening of all
lobes. Spleen 7 x 5 mm
auxiliary lobe to spleen.
Spleen large with irregu-
lar edges.

S - Sacrificed at end of 14 day observation period
*Group observation of survivors

"ali''mmlm'mmmm m m m
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TABLE 22

HMX: Acute Dermal Toxicitv (LD50) Study in Rabbits

Phase 2

Analysis of HMX

Nominal trat Average Deviation
Sample Vehicle Concen- Found Found Arage from
No. tration (mg/ml) (mg/ml) Nominal

525.0 537.1
1549.1

524.1 530.0
2 Physio- 535.9 63mg/ml

loqical 600 ma/ml 537 mg/ml (10.5%)
Saline 529.3 539.0

4548.6

541.0 542.4

5543.7

575.6 567.4
5 559.2

527.5 533. 3
High 539.1 61 Mg/ml

Viscosity 600 mg/ml 539 mg/ml 610%)1% CMC
530.4 521.1

7511.7

543.2 535.3

8 527.4

• - • ,,,,, m mm mmnm mm m mmm m m m m m8
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TABLE 24

HMX: Intravenous Toxicity (LD50) Study in Rats

Dose Ranging Study

Ds Leaths
Dose LDVos Clinical Signs (timeAnimal Dose - ..)uabserftevdtinioate

No./Sex Group mg/kg ml/kc _
u ra ti O n 

after dosing after _PMObservations

dosinq)

328S 1 10 0.04 No abnormality detected (S) 4o abnormality detected

329 1 1 10 0.04 lo abnormality detected (S) o abnormality detected

330S 2 20 0.08 Hypokinesia (I min-2 h) (S) o abnormality detected

33 1g 2 20 0.08 Hypokinesia (1 min-2 h) (S) o abnormality detected

3323 3 40 0.16 Clonic convulsions (20 1 min lo abnormality detected
sec after dosing)

333i 3 40 0.16 nypokinesia (I min) (S) o abnormality detected

3342 4 80 0.32 + 2 min o abnormality detected

335- 4 80 0.32 Hypokinesia (l min) (S) o abnormality detected

3361 5 30 0.12 + 2 min o abnormality detected

3377 5 160 0.64 + 1 min 4o abnormality detected

(S) = Sacrificed 3t end of 14 day observation period

+ = Animals Dack limbs shewed slight paralysis, some movement
in nind 4uarters after 30 sec. Movements uncoordinated,
sligtit clonic convulsion followed rapidly by sedation and
com3.

Ii

mmw um m -
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TABLE 25

HMX: Intravenous Toxicity (LD50) Study in Rats

Main Study

oee l~eaths
Animal Dose Dose Level Clinical Signs (time
No./Sex Group mi/kg ml/kg (Duration after dosing) after PM Observations

dosing)

338- 1 Control 0.17 No abnormality 0/5 (S) No abnormality
342S DMSO detected, detected.

343- 1 Control 0.61 No abnormality 0/5 (S) No abnormality
3472 detected detected.

348- 2 15.00 0.06 Clonic convulsion, 1/5 Lungs - red foci on
3522 increased irregular (2 min) all lobes.

breathing (2 min-i h)

353- 2 30.00 0.12 Clonic convulsion, 2/5 LuncTas - dark red
357; vocalisation, (2 min) patches on all lobes.

irregular breathing,
hyperkinesia, coma
(I min-I h).

358- 3 19.50 0.078 Increased irregular 0/5 (S) No abnormality
3623 breathing, hyper- detected.

kinesia. (2 min-k h)

363- 3 45.00 0.18 Increased irregular 3/5 Lower 1/4" of tail
3677 breathing, hyper- (2 min) black and hard.

kinesia, mild clonic
convulsion, coma
(2 min-i h), end of
tail bruised (4-14
days).

368- 4 25.00 0.10 Increased irreoular 3/5 No abnormality
372! breathino, vocalis- (1 -2 detected.

ation, hyperkinesia, min)
clonic convulsion,
paralysis of hind
limbs, coma (30 sec-
1 h).

373- 4 67.25 0.27 As for 368-372; 4/5 No abnormality
3779 (30 sec- h). (1 -2 detected.

min)

378- 5 32.50 0.13 As for 25.00 mg/kg 3/5 No abnormality
382S (20 sec-l h). (1 -2 detected.

min)

383- 5 101.50 0.41 As for 25.00 mg/kg 5/5 No abnormality
387; (1 -2 min). (1 -2 detected.

min)

388- 6 42.50 0.17 Hypokinesia, paralysis 4/5 No abnormality
392- of hind limbs, in- (1 -2 detected.

creased irregular min)
breathing, clonic con-
vulsions (20 sec-2min)

393- 6 152.50 0.61 Increased irregular 5/5 No abnormality
3972 breathing, vocalis- (1 min- detected.

ation, paralysis of 1 day)
hind limbs, hyper-
kinesaa, coma (10
sec-I day).

(S) = Sacrificed at end of 14 day observation period
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TABLE 26

HMX: Intravenous Toxicity Study in Rabbits

Dose Ranging Findings

Deaths
Dose Concen- Clinical Signs (ti e PM Observatons

Animal Dose Level tratior (Duration after dosing) after
No./Sex Group mg/kg mg/ml dsinal

288i Clonic convulsions, 1/1 No abnormality

1 10.00 50 vocalisation, prostrate(30 sec detected.

289. (10-30 sec) (/e(30 sec)

2902 Hyperkinesia. (I h- 0/1 (S) No abnormality
2 1.00 50 1 day) detected.

291+ 0/1 (S)

2922 No abnormality 0/1 (S) No abnormality
3 5.00 250 detected, detected.

293+ 0/1 (S)

2942 Hyperkinesia, aggres- 0/1 (S) No abnormality
4 10.00 250 sive. (1-4 days) detected.

295* 0/1 (S)

2982 Clonic convulsions, 1/1 Post mortem not
hyperkinetic, vocal- (2 min) carried out.

6 20.00 250 isation, immobility
(30 sec-2 min).

299+ 1/1
(2 min)

300 Clonic convulsions, 1/1 Post mortem not

7 15.00 250 vocall-sation, dyspnoea carried out.
(3-5 min).

301. 1/1
(5 min)

302: Clonic convulsions, 1/1 No abnormality

8 12.50 250 hyperkinetic, slight (3 min) detected.
epistaxis (2-5 days).

303. 0/1 (S)

2962 No abnormality 0/1 (S) Liver - 7 mm x 3 mm
D4SO detected, white patch on right

Control hand lobe at posterior
0.20 ml/kg edge.

297. 0/1 (S)

(S) = Sacrificed
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TABLE 27

HMX: Primary Skin Irritation Test in Rabbits

Patch Arrangement and Reaction Scores

Skin Score
Rabbit
No./ Patch
Sex Arrangement* Erythema Oedena& Eschar Odm

3d A A 0 +0 0Bd 1"- 1+1

ABB

4+ B

B B 2 229 A+A o 2 0+ 2
2A B 1 2d 0

D A B I0 B+ +A 3d+ 0 4+ 0
49 3d 0 4 0

4 B

Ad +A 0+ 0 0+ 0

B B _ _ -2 3 2

B+ B 3d+ 3d 0+oA A 3d 24

6 A 4d40 321
A+ B 3d 0+ o+ 4

TEST MATERIALS
A = 60% w/w HMX in physiological saline

B = 10% aqueous sodium lauryl sulphate

d 6= dry

= test areas merged

d/ r
- tet aras mrge
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TABLE 28

HMX: Primary Skin Irritation in Rabbits

Mean Scores and Primary Irritation Scores

Exposure Reaction Score
Time
(Hours) A B

Erythema a Eschar Formation

Intact skin 24 0.83 2.17

Intact skin 72 0.33 3.17

Abraded skin 24 0.50 2.17

Abraded skin 72 0.17 3.17

Sub total 1.83 10.68

Oedema Formation

Intact skin 24 0.50 3.00

Intact skin 72 0.17 2.83

Abraded skin 24 0.17 3.00

Abraded skin 72 0.00 2.83

Sub total 0.84 11.66

Total 2.67 22.34

Primary Irritation Score 0.67 5.59

A 60% w/w IMX in physiological saline

B 10% aqueous sodium lauryl sulphate

The reaction score is the average value of results from the 6
test animals. The primary irritation score is obtained in the
following way: values for erythema and eschar formation at
24 h and 72 h (4 values) are added to the values for oedema
at 24 h and 72 h (4 values) and the resulting figure is
divided by 4.

A material which has a score of 5 or more is a primary irritant
under the definitions in the Code of Federal Regulations of
the U.S.A.
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TABLE 29

HMX: Eye Irritation in Rabbits

60% HQX w/w in Distilled Water

Scores

Rabbit No. and Sex 7f 89 9S 109 114 129 Total Mean

Zero Time Total 0 0 0 0 0 0 0 0

1Hour . . •

Cornea 0 0 0 0 0 0
Iris 0 0 0 0 0 0
Conjunctivae

redness 1 0 0 0 0 1
chemosis 0 0 0 0 0 0
discharge 0 0 0 0 0 0

Total 1 0 0 0 0 1 2 0.33

24 Hours *

Cornea 0 0 0 0 0 0

Iris 0 0 0 0 0 0
Conjunctivae

redness 0 0 0 0 0 0
chemosis 0 0 0 0 0 0
discnarge 0 0 0 0 0 0

Total 0 0 0 0 0 0 0 0

48 Hours

Cornea 0 0 0 0 0 0
Iris 0 0 0 0 0 0
Conjunctivae

redness 0 0 0 0 0 0
chemosis 0 0 0 0 0 0
discharge 0 0 0 0 0 0

Total 0 0 0 0 0 0 0 0

72 Hours

Cornea 0 0 0 0 0 0
Iris 0 0 0 0 0
Conjunctivae

redness 0 0 0 0 0 0
chemosis 0 0 0 0 0 0
discharge 0 0 0 0 0 0

Total 0 0 0 0 0 0 0 0

7 Day

Cornea 0 0 0 0 0 0
Iris 0 0 0 0 0 0
Conjunctivae

redness 0 1 0 0 0 0
chemosis 0 0 0 0 0 0
discharge 0 0 0 0 0 0

Total 0 I1 0 0 0 0 1 0.17

* Test material in corner of eye
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TABLE 30

HMX: Eye Irritation in Rabbits

Dried HMX

Scores

Rabbit No. and Sex 332 34V 352 36* 37S 38V Total Mean

Zero Time Total 0 0 0 0 0 0 0 0

I Hour . * , , , *

Cornea 0 0 0 0 0 0
Iris 0 0 0 0 0 0
Conjunctivae
redness I 1 1 1 1 I
chemosis 0 0 0 k 0
discharge 0 0 0 0 0 0

Total 1 1 1 I 1 1 7.00 1.17

24 Hours

Cornea 0 0 0 0 0 0
Iris 0 0 0 0 0 0
Conjunctivae

redness 1 0 0 1
chemosis 0 0 0 0 0 0
discnarge 0 0 0 0 0 0

Total 1 0 0 i 3.00 0.50

48 Hours

Cornea 0 0 0 0 0 0
Iris 0 0 0 0 0 0
Conjunctivae

redness 0 0 0 0 0 0
chemosis 0 0 0 0 0 0
discharge 0 0 0 0 0 0

Total 0 0 0 0 0 0 0 0

72 Hours

Cornea 0 0 0 0 0 0
Iris 0 0 0 0 0 0
Conjunctivae

redness 0 0 0 0 0 0
chemosis 0 0 0 0 0 0
discharge 0 0 0 0 0 0

Total 0 0 0 0 0 0 0 0

7 Day

Cornea 0 0 0 0 0 0
Iris 0 0 0 0 0 0
Conjunctivae

redness 0 0 0 0 0 0
chemosis 0 0 0 0 0 0
discharge 0 0 0 0 0 0

Total o 0 0 0 0 0 0 0

* Test material in corner of eye

wI
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APPENDIX 1

HMX: Acute Dermal Toxicity (LD50) Study in Rabbits

Dose Ranging - Phase 1

Gross Pathology Findings in Individual Animals

Abbreviations used:

TK - Terminal kill

FD = Found dead

KIE = Killed in extremis

II
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APPENDIX 2

HMX: Acute Dermal Toxicity (LD5 0 ) Study in Rabbits

Dose Ranging - Phase 2 (Section i)

Gross Pathology Findings in Individual Animals

Abbreviations Used

TK = Terminal Kill

FD = Found dead

KIE = Killed in extremis
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APPENDIX 3

HMX: Acute Dermal Toxicity (LD50) Study in Rabbits

Dose Ranging - Phase 2 (Section ii)

Gross Pathology and Histopathological Findings

in Individual Animals

Abbreviations used:

FD = Found dead

KIE = Killed in extremis

TK = Terminal Kill

BALT = Bronchus Associated Lymphoid Tissue

VALT = Vascular Associated Lymphoid Tissue
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APPENDIX 4

HMX: Acute Dermal Toxicity (LD50) Study in Rabbits

Dose Ranging (Phase 3)

Gross Pathology and Histopathological Findings

in Indiviudal Animals

Abbreviations Used

FD = Found Dead

KIE = Killed in extremis

TK = Terminal Kill

BALT = Bronchus Associated Lymphoid Tissue
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APPENDIX 5

HMX: Acute Dermal Toxicity (LD50) Study in Rabbits

Main Study

Gross Pathology and Histopathological Findings in

Individual Animals

ABBREVIATIONS USED

KIE = Killed in extremis

FD = Found Dead

TK = Terminal Kill

CN = Chronic Nephropathy



UU5

0 0

0

4. 0

~0
C 0

- 0

00

00 4.

2 tn

0

0 4

00
w 13
964



116

i M.

r. 0

in -. 4 4 C@4.

0 N (D

0 ~ 0r

E-4

a] - 0

E 'U

U) 4

0

w Aw
0 02

*0 .1 .V

1. 4) w 12
-4 0 A .4 010

0 01

o 01 CD

x 041

41. 4

0 - 4> 1 0 I

0 i



117

(.4-

0 .
0 Q

*00

44n

I4 0

40 AcN
C U

w 4#

II U
o5 4. c

U .0~ 0 4)0

0 1-4

z 0044

u0.44

0 0~ -



118

0. 5

Le -

C) Qn
c 4) cu

4J 00
-4 u
0) ~
0 E-

U) -

QT

4)

0

en..

0 0n
L.

00

-0- e

0O

0*'



119

Z- I I 1 1 I 1 i1 1 1 1  1 1 1 1 1 1 1 1  1 1 1  1 1 1

0

>1 o

I0

~, C. C

2 .

0

C4

N 0

411

0

U4 -4. .

0
z aL



120

Z I3 M ~ f

0

00

rA 0

0 fa

(a
0l ' M3 0 j

-. 4 -.4

U 0

00

00

In id

u0

14
it.



121

-~W E

m4 -0 -

-4
0 0

th

0

0 a,

Ua ->

cm a
'-0 0 0

0 to 0
KO N

4] 0
DC

C 0 C

0. o> 44
IL4 4 U 

.



050

0w

4

4J

04

~a a m
0 a E " w a

C 0 M54 C5.
m5 u4 ) 4..4

0.1 41 C
M3 w . CC

o) C) 4-4 '

S -0.0 U LO
4.4 r- 35 QC

) CL54 CE a
0 Q) 0 U 044. E u o

45.0 0414. z0~ 0 >, >, e C

'C ~ C

0. ~ O.45 .-

*0> .U)5~ !4 J C " '

C 45 C 0045 0.I00

0 05 f"

z. 0. w

V .4 > f 4
J9 4C 0 .

41
00
96 id



123

0C CC .C .1c
*0 c - C C) 0 r.

W C). . m 4D tn

0

.C

U)

C. d L. 0

0 a) 4- )
C) a)

0) 0

C) 3 U

.4 C'4

00

C) C

.co -w

a ) U) A.

z ,'

AJ 3. 'a C
0.C)0

C). o C
0- C

w ~ q ') 3



124

w W

t, Q.C 44 c.J

I I

u
0

4

0
0

E- C-

0
o -

rd -4 00

C) 0 0 4-
.4 - 4J 4

0 -4 0

U E E 00

-4 ~ r 0 U'- C

~~0 u 4 0)

4 00

01

0. 0) >1
V >1 )42 .0

V) =4 0 4

00%

-u 0.0

0.r 14

ox .4 w~-- 04 u
u4) V

03J ~ ZL
L,-



125

QO)

0'

o ) r

E 0

z 0

En
00 c

0)

C)~ ' ~ -4 .

C) 014 C

CA t

E. V. 0'
0 (

(C1) 4.



126£

4 a

UE

o) aa 0
01 4. En )

? 0 a. a C

U, ,4.. 0 00".1
m >1 w 0 0. 0.
m 0 . L4 E t

L.4 4j ) >,4-

41 - - 0' -3 -
a ~ V 040

4m 04
Q) :) n.4 0 i C

a :~ 4440 44 OLo
0 4)rj) 0 ) r- 0
U 44L . 0o .

zE
01 4416

- >4 4)

0. 4)to
E C a'0~ a r

0 to 0

044 40
1. -4 4

z 0) zL M

0 04 to4

U a o c

I. o 2. 0.0,
C6 4



127

x) V) . . cc (A4 " )Ln. )..

0

C.

C0 0 0.

r, 0

41.
a) 0

0~

- C)

z U

0

00 -.t

U (a

C, 0.0 0
10 . c r 0

a) soC

0 0~

-I 0
0.>,

X . 0 F--4 4

C, 1 -4 4
w tA

Ow96.



12I8

(a 0

cc

0 X n. n n Lor

tn

Ln

0

0 0x

..4

0 j 00
z 0 ' 11 c

16~



129

11 HV1111I M M 1 1

oi-
x ~ C £

tra
0 0

.0

- CL f
0
ou

'a u

00z

C -d



1303

C-FL M B III II IIIIII1 1 1 T

W

U) 0

0.
CL

fa 0

C

o 0.

o >~

.0~G a~C E)
c a) 0. C) (n

C) 0 0 0

E > C

CC)

A ) C-

c V 0 0
0 C) > C)

C) 30 0 4CC;

00I

U) W 4- ) w)
C).~A w- C C

-4 >
.W - C)

U) ia4 u0

Ai id Ac 0 -4

101 to1 C 0

0). 0 -. >1t c
w to~-~- .
C. ) Cf -Ew)



4 131

c ~U -

C W C W c U
U a > .0 . 1 - w . '

th co in 0. E .Q C

'an
0

4. 0 C)

z V)
o tn r) r W

C)I a -a o

C.c 0 -

E- cj

zC U)

o C0a *- V
W us a>. a

u m > C ta w0h ~r.a aa anf
1 0 to a. .54

r fa u- a 0a L,

u 0 9z
0a >. 0a)

14 S Ai cC
a. a. 0 E- *

Ca: E
z 0 ato

0 . 1 41
'0 .4>.4'

C16, 
Em



132

44 0-

0

En En

410

0 .

En -

.0 0 E E
10 -A-4$ ='

En 4 4 nJ -
0. E

0 . 0 Id,4~

o En ~41

0 Mn

EE

0 0 140

0' X UC = EA n



133

0 O

u ar 4 41 1 1

E
00u

4.,

00>r
00

~ . 0
04 00

0 01
40 0 a

0W 0 ' 0

44 0

0 03 0

.0 44 4
q). N4 E C
E40 0. w 44L

E->.44

0

z
;L.r 

M .

m, V- -m

0

to u
014

.44
0 0c

00

".44

0'. 0

ID 4 ~ - 44
0.

-4 4 E.4

00
04441 0u 4 4 4) z

- 40

00



134

AA F ru I II I I lll ll m I I I 11 I I I II I II

0 x,

o u u

- c M-3 w En U w E4

S 0

0

rn u

0

Q a,

. 0 0

Ln

CL u

0 0

00

110 44

C ' , .C .

C to ty

0 0 - U
0 1 

n

0

-4 0 1

C.c 0. C -

00m

&, -4

404
- C.

41 m -

0. ~00-'0 r.



135

4.1.W

0.

0 0
41

41 4
4)
41

0' -C 0

> -

414.

.4) 4.4 .4 )

.4 ~ Q4 - 4 ) 0
0. r:; 0)

o . 1 4) 4

0. x I 4 O- 4
Q)4-4 4V

u o -4 0 )

4))

*0 .0

X) 4.) )4j 0) a0 4 0
4)4

hi c 444 4

.4 0 .4- -

a) *4 4) - 4 4)

E 0 c
04 .4 EW

u o-



136

-Fpl i 1 1 I I I I TT I I I

0

4:," 44

0

> -w

.0 0

.0 >4 Q

.4 E-

~1 1- 0. .

0 .0 U
- 0. 4

or 0to
>1 - 0 0k

25 >.4 cm

c - 4j0
C0 05 Ad 4 0

In to 4
id >4 0' 0

o~w MC4

0 0 -

-4 -. C U uS

o4.5 r c

it -, 'o 0 '
"5~ Ad 0 9.



137

F77 111 II

00

o" c
o 41

4, 40

o 0 V

00
...

0 40

C C C

o4

0% ' 0

LA r4 41 1

00

z 0z

0. s o

0s
w a



138

*0

I 0-1

c >4

0

-4 0

qj0 0 m

(c 0

C. .10 0 l L

r a)
00 a0 a)

E rV 0 00 c

u u

>4 .00 1

r0 k- c0

) 0 (D~ r. 4J

00 > 00n

0 en 0 0
0 0 x o>- 0 lo

doz 0 0
r 41 0 4

0 r 0 0O U4f
E ' > 0O

C Ac 4 -U4 c Do

0>41 >0.0-

> 4 4 >.4 4E
r . 0' AA ~4

z 4 4.4 c
0 4 .

fj 4 -4 q -4.43w
ro 11 4, 121

0 r: H
w4 u 0>4WO A

0.964 >



139

C--

x

0 0

0

'C

x' 0
0 .4

C,
z z

0 -

-4 E-

.. 4 40
'0 c4 0

a) -4 0 0

C 0f
tr. 0d 41 .

0
z u

44 Ad

0. 4) 0

14 a E

0 0 0 r 0
z .4

. 0 r
0. 1. 0



140

Z u

0

0 0

0 0

o -

E u
r- C

*00

CL a)-
= t) -4f
0 a) l ) 4 A

- C .0 r

00

0.S 0 -

a 40

.- 4a)

-4 4

N In m

04 0.
0. ~ ~ O ',n> C '



141

w w 4

4.4).44) 4)40 Z~

'4 'a

u4 :4 0

CU ) lu -

-4C '4 Z4 0 '

>.4 u.44 .

a. -Ad - 0 .

41 0. u4. * 'o 4.4 .4'4' ~ '
'4 4.4.. 4 '4'4CL

U > '4 >-d

'4~ c44 <4- 0 4 4

m 4' 04 r0 
4

'4 4 '4

0 u4 > '

00 '4 .. ' 4 -

'4 0 0a
0 4J 'U -4 

4)

-4 W400> '4' 4

0 4 2 ..4 04 4

4 '4 4 00' 0. 

Ca Ad ' . - '4
14 C 4.)42440

40 04 L'4

"4 -4 0) Cw
~~4 -4 ~ *)>, u)

0 0
Z ~ t 0 400' '



1142

o i

x

0 0

~0

o 0

.0 r-~ 'C
0

- 0

'bC

4. t

00 0 'C
w. 0 1

V 0 0'

0~ c.'
c4 41 0

z 0C

41 m I

0 > 0 '

w = =1



1413

0 r

u u

- 3n wCAu

0

ts .

E ~ c- 0

0 C 0 0
4-. bd

tn In
*3>

o E 3r 3

4j

z 0 . '

z c .3
.- a 3'

E j
U 4j 3 4

01 0 -) E-



144

U-

IZ r C a,0 c~ 4 ) c

-: .3- m wu (

0
a1
0
0

to>

-) E- a

o o

0
0 .~0

o *' E
u 4

4.

*00

'0 a 0

o N
o U



145

441

140

m c.

C m

-w0

1
Ae U

L)

o >

L.C W

00 .
UI .- 0

41 £

4-44

00 0

0 410

l4. ~ 4 4 4 0

P 4)

0 N
C 0 U) = *0C.



146

r )

la 1

i-4i ~ ' 44.0 0 4- 4) 

z-4

0

.
0

MV 0
>.0 .20

0' 41 .1 En

E 24- a) 0 r
o ~ 4 02 '

.20 C4

(.4 L

0 04- 4.4 3.

S. 2>4 0 a)

.C -4C 2
40 0 r .

zV 4 -4 4
.4 4

-. ~ ~ ~ C ~0 -

0 . @4 i d 0.9
w 4 -04 ' .



147

11 1HC1 1 1 1 l i i i 1 1

19 r -

4DJ6 0 N

w CD IDOC4 E-4 --

U W

C.

>. 0

X -4

E r

oo

r C.

0.

r.) 0 -

V, t., 00 4

Cj z
U -4

*0



148

0 0

0~4 0 0 0

.4 -
0. .0 ~10 0 0

0) ~ 0 0) .0 -)

- a >.40
z u -

w 4100 -E

.4 4 Ad 44

o> o 0 04)

"44

0 4.. 0~ 0

z .00

-U 0

0ot



149

U-

4.4

0a)4

00

a) 0

C) '

C) 0

>. C )
0' 0 0, C

a,4 U E)

0 10 V-
E44- C) C

0- C W C x

0. 0 1

41 0

'0.0 0 0

'0 U 0 C 40
110 4 U 1 m t

4j 0) >) U)~ (

s. to 0 0 00
C ) 0 0 04. )

o~tp r 04 (J 424
U7 -4.

- 4-

0) 0)
0) -' Ad>'4

tel U 0r.2

0. '0 c enC
44 - .4 

1di >140 > 4O
A- 4 4405.4

0 C 0 >C N40r

-. 0c00 4 * . o-4

U . U ( 004 Qw



15

a,
I A U) 4 m V)

0. 4.0)4

4 -' 0
0 c1

>1 0

-44. - SI

C)'- 0

$-. u u

- 0U - '

*7a 0 c
-E U U) 0

4.) t) 0)o

0C- 0 > C 0 x . 'c -
L) ci ) a: c- C

:40 - >- r

CL CL 4) V4
Cn (DJ> 0C,.- ) CE >.eeC - or..

0 x i 4C C

4'9 V0 0 0V..

o~4 4) 0.~ > X . )

UU -. )C L Uj0C
I -

4jj

0
w I) L -



151

11 1 1H I .. 1 11 1 1

0

0.4.

4
ft,

0)
0

0.
0

00
z 0

C-4 u

E > a-M

o & r.

43 -4

> - . z) I0
%4 >

00 CC
w4 4.. 0 0

0) >

00 0 u w
10 -4 -A) )

0 z
.4 01 E u 0 1

0 0 0 0 "

o U or j

z I) 0)
0 0 14=,

0. V) E

> 4

0 ~ ~ U J U i 0



152

7 1 Rf'NI I I I 11 1 1 1 =1 I

0 1

ZIi , - 41 U

0~

.0

C..

4J4

41

0 0n

o, u

o 0

>1

1 . to=

.4 0cr -00'4

tn c
0 I-n 0

-1 4 $4

0 'A - 3 w

to 0 - 0 - M
0 u c 0

V ) C. 41t a
f, 04 01 W 1

-4 0 Cu

oc -IC 0 

I d '



153

" F - Aj A{"II II I I II I II I I I II I I

NT
.1 w

Ui 3

0 4) :3 w Q. p Ac

0

0

aj 0

*0

UJ

o 0 a
. (N u C,

E-
00

" 0 (Am

cc UI "Ii

0 . ' 0 t

O 1-

14 'OC.

0 U .0 > -0 1

a "_1 0 0e ,

-. 0 u c
0.0

to r0 j .o4 C

to ,0 -4 v 4 4

w 04

uF" 4,~- U.
lo 'o r 0

co E.X.4' 4
e4 r 6 u a oJ 2

,4 14 r V410
4jU -. 44 0.XCla

20 ~4j Uf4w1
z 0. IS uIt

z ~ 14*41lfc; z Uaa .f t
0 -4 :01 V ' 4

1., 4 1 X.0



154

m w u A

L)

U) w0

E I-

0.0 0
0 C . C

a C)

.C) -.

0 U.
.00

0 L))
u4. 4~

0.0.

0 En41 C

0*

10> 0--
dc) *14 * . 1

C) VrCL V . '

*0 0)4~ U) C)

o w ~ coo a .0 W.0
U U .U C. ~ C.0-

xz
fa0A 0



155

xj

0*

U) 040.V0u

41 mw
00

00

00 0-

40 0 . Er
w. U ~ 0 1 W..

o u 0. >

o -4 00
- ~ .0 s u- U :r

-4 -

4- 0 cn 4 -

C60) . 0

0. 00 0 c

440~1 0~- w
0 m0 0 ) v4

00 0 ro .0 1

444 1.. '0-E

-~~ W.0' * .

4.4 .0 = '4

40~ -4 40 40 44 4

0 .4 U)u
u J 0 0 4

>4 04 0 0

00

z CO

0 m m b4 .3 EnC

L. 
4090)



*0

a, 0,4

C-

20

00 m4 x

o to > 2

00
0 0-r
u. 0

r

u 0 0,.

u -0. 20A
C~~ 0 2 0'2 0

0 r. 2 o
0 0 

0 0

z 4) 1

m -4 ~ E

u~ .4
0

02



157

-.4 A. C AuU

I 4 41

0 a,

w M

64

0 C0
z -4 E

u~4

0

.c u
q C. 0 0

0 l 0)'J 0
Ac QC) 

C - 0 -4

u0. CL a; .

0.0 0
.4) 0

$4 U) 4)0 ).

-4U -4 rc.~

'b fa > AC (4

o -

-.4 -0 4c
u. 0. (AU>1

V.4 a U

id I J4 -4
J fd WU X
6.~0

0. ~ A l OU.n Cj



158

441

u a

00

0 0

0 t£

W ) CL0

L. 0 0 .
0 0 w

.0 -

N 0. 0 0
0 14u

j 40

00

04 0. 1
0 x Nj

N ~ ~ ~ . >44 4 .

m 04 0~

0 0 0 M

0



159

I. -4I I I I I I I

M- 044 4.0

E

4.. c04
00

0 0

CL -
0 44I. 0 4

, 0. a0. c 4

24 4 *4 CLIn .
V0 0' r c. E~

0 ~ ~ ::*z-
0 -40 . 0

) M 00 0 IW
X4 44- 4J E n E

a4 -. a 4) - f Ca

0- 0 m E 4

4a w4. 0 0
C: W 44-. ow 04)0

0 U 0 44 0 - C '-'

z c4)

a. E 04) c r- C u
<i m >C - 10

0

r-
0 -4

0
u >

c 41 04

>. r.

. Go 4t 0 '0u

44W 1

- -4 .- 4

0 0.4 C V)

v >-H 0 0.

z.0 $4 .0

I4- .. 4>q
-4m a a00

0. 40 0



160

71I-

0.-

00
. C

0 0

n t

uC IC C

04 0 0 0

0 
ty.

In to w 1

4 m IC ca v 4
u . a 4c $

0 ' 0

'0 0 U' '
C) -M .0 w 0

*- 0'-4 (N C C.) U
CE0 u 0r.
-~ 4-

zz
-4 4- C)0n

0 0. -4 14 0'W
0. 'o C IC

b.C.
a..~ 4



161

C0 -

0 h4 4

4044

C-4 u

0 'l

0 t

0
.0 0

00 " m
06 u F

0 .- to
0 u 4 > 0

0 u
C 0

00

0. 04

@4 q0

0

c0 r.
4 '

0 o Q).
-4 to

E a0



162

00

,u M

C'- d 0 . z . . i .

0 W

0 mw )
0 E m

cC

C I

4, ~i~ C @ ' V)

C4 'a wU u

4., 41 '~' 0

0 41 41

4 0O FA
UU

0 CC

0
04 0.

0. 0

. a
u0



163

u-

4-4

0 ~ 1 0'

0 .44 0 0 4

0 0 0 41

0.' 00 10

0~~~~ c . 4>. 4'
0- 1~ 4)1 a)
0.41 0> 4

M4.10 ( 4

I 0j

0E0 41:

R 10 0 0 0-
E- 4 u4 4.1 4 .. 4 '.

0n I .4 4 1 1 4 . 4

0 z0 1 4- 1

0 40

00' 00

CL0

41 0 u
0 z~

-C 0 L.I vi4 4

0. 00
0. .4 t 14 0' '4 14.

~. . ~ 4 .4 414 1
z 0 V4 E'4 4

6) II. 44

u 0vs
0 CA .A



p 164

Z 0 .40 cg 0E.

(9 -- . v P

4)

04 $4
.C 44
m. E
E o a

a0 044

0.

C) 04

C. n c. 1.~' 0 w40 44

00

0 0 44,c C
0 0

004 4..

0

0 A 4 V4 '
'00 (14 44oz4

C)~f 4414~ 1

(14 - U(). 40 0
0 ~ ~~ 14 440 JC 4

0~$ >a 00' 0 4

>11'

04 0

>0 ON 4

0'



165

-4-)

E ~ n u j.

00

>1 0

'go 0 ) 04

0 ~ ~ a tY 'V , ) 0
0 0D 0z r_ >

v4 0- 0 0 0.

CL 0 fl a a X
E ) (L tr40 U

1. 00 0k. (
-4 4 -
Cb r_ 00 A

Uq 04i to

0 'U- 'U 'U a
'U in to4. 4. u

U) U ~ U)4 4 -4 -4 n .
0 > Dl . Ad A4- c. (

.44 C o - C4 Cw a)

Cl to- 00 V 0

74 - 0 .

z GD U) IU

C. r. C I) U4 a
C4 0 0 . 4a

C~ .-4 ..1 .

m A-

$4 .4 =



166

' .4 w Lo u V

00
'U

- 0
0 E >E

o0 .

m Ir

0 0-
414

a c 0w 0 x

0.z 020

0 0 0

10 o 0'c

0
0 *1 '0 '0 0

W ' C4 0 2-
C0 t0 0) $4 0

ot

a. C8 04 CCv

0U 0 0
41 .. -1

.0 r z
0 0- 00

O1 0
o 4 0' '0

0. 1



a 167

z- -

0444 0 w'.O

41.

.j ) 41-,
'A -4I .

00 44ci

w j m - ) 4.1

In c:-
0 E) 0 0 "-

a) M

.00

0- x-. -

wz 4-

0 - * 64
'0~ '00>.a)

r. 0. 01 wJ '0-4)
U 0.>9 r.r w L, 4

0 0-4 0)4

0 ~~ 20 0M001 . )

0 i

0.04-.



168

41 0 c '4CJ

4.4 m cn .to u

00
0% CL

04 r
.1 0

1) m

E '-4

.41 41

m-14 U ) U

.. 4 0.40 Q) 4
0 01a 174 0

0 0 0

- a. 0

04 -0 r= ~ - 0..

U.4
-4 . - 4 4

*0 0r U0 4. = .
01 .4 trv CL a 2 0

U) 41 N.4 41 41 0 4

FA 014' % %c t
-4 41 04U V 4

M.' 0 0 inC. 0 0
,a u-Z u C.1

In 0 4
0. E. 41 C 0

41 m. 0 6 41 j F

r) 4 U n0

.C O Li

44 0 >,& 0
z 14 C 0AW1

411 10 >.

0 0%1 4.4-



169

-- .

00
00"

u
0. Go o

0, r

lvca U.44. CAV

14
a)

0
4 -4

a.J0a)

00

0

o 0 a)-

.0 00

0 0
41 n

(n 41

00 40 m

z~ U
La C

0 V 44a

(> C C

0 w~ 0'0

w. 0 C 0C
0 In u 00 '

0 >1 - CV4
$4 0.u C4 1 C) 9 C

0. t U 14 C) C) 0
m' o0 V toC
a) 0. r. .

u e >1uV UC 44m a
0 4 0 0l

>4 $4u C
4 (1 . ) m I u

-4>C I 0 V C6
u . .4C0 'o 0 0)

a. 0 . > Ol. 6 0, -4
z* 0 0IC V4 c 4 4.

>0 m4 14 w. 0. C
tO 'a a.JV 0 ix m 0 0

0aU C19 0a 4 V * U 1



170

uu

0d

, M0 " 19

Lo .3Q ui

r. 4 r

0

0 0

...

4a 1

xx

0

'4. -- 4 O r

"" 2 0.

-/ e- 41

0 "

0 -

Q) 0 r. ~
c uz

C '0

>. a

z x1

C. 0 . 0' C

r42

L4

01 0

00 41 01P

-~ 4141

41. 0 $4 >

13412~ ~ w4. 0 1

41

-z 0.01

u 0 14 v
. 0

-,.4Z C 14 0 t



171

- ('

xV
w4

0 ~ r m

V 44

C)

0 C

0U C:

>, C>' >C C
0' :3' wC E

o C C

- C> m -' C
3 'C - .2 ) U

0 a 4 C- a Ci0a
c, c. C Lw ) I

C >' C E -c

rC 0C 0 L. 0
0 U C. >' u

C r)
zC W 'CE V

E. >E r 'Cm'
C m CC C L C
Ci En EC> 4.C C

C C .- ~ C4 '~C

u t

0 > V)C -
0. -4 41 C 01 0

ul ") a

-T4
0
W~ 'C 1

aC L C >J

-A ' 0 -. 4 C
'0 0

44A @j c >IVfC
V 0 0C 4d C

0 000' C- 2
AC t) C WC

u C>.' ' Q. u
do. 'cC C 0 CM C

:0"4 1 .0 0 0 -4

0 u U C' C CO



172

1, t" r4

0 j .0 tn En :,1

m 0
m 
, m QEL V w- 0 00

0 ~ $4 0Ujf

0) C

0. En' 4)

o 0 .'

4m .0E ) 04 m.

o x n 0 A .. >44

in j 4 0r 14 L)

o o.

.0 '.- 4 '0 o

CL 4.' 0 0

u z c 0 ) ) a

0 , 0-

m 4.' 'm l - 1m m. 4 dn 0ml m .m

ci Q)m W . 4J 4
u) (n0 -4o - 440 (o> 0a) ca44 0 4 0.44 a

M3 a '0.4 a)0 a)

4j 0 0, 'm0) CL D ) 0)0

0 '0- ') 0 Ad >- a 0 4)
(0 >.' 4U 44( .4M 4

c0 0) >'(4 (.0 (0- (

a, 9:0. 14 ~ 0

<0 >

to

:) 0 0

'0~ ~ V 0 0 '
00 .' . 0

'00

u. 8 00

a" 'j0 1.
'D. 4 0.) $ 0

Vu -, .0

0'
- o7 to0

4) 0

00

C6'



1731 

Tt 
I I I I

> 'aN

I -* :I ~-C -..-

L~L n
I1

4

04-0

0 4-

U* 44 0 (

-4 - 14

00
IQ

QD V
in u ~-4w>

N) 4j.C C) C

c -f 04 r

4 CC0

'4 --4 0
Ca - r )i .



4
4.4

m4 U).3A .

4j

U) 0 0

CU4 a) cu)

4J

C4 C

'0 0 '0 0'-
a) a) a)'0 4 . . .

P)U ) U

oE

a.

-4 >j

b.: 41 ' r r
cE~. fd ...4

4n 0

- 0

-44

>4o 0' N

z. 0 ocU * U

OK 04 0 '0 C

u 0 013 E 0

.U U . -- 0 4



175

'.4 41a

) . a

.0

0 >
~~10,

00

4,40
U

E 0

o 0
41 j 41 r

C: >. - 0

0 ~ ~ E, -4u

0 C
CP 0

C~~ ~ C 4 4J00 , 4
0 41 .4 ,

Cc u .> 1. 0 0

00 r ~UU w.
UD -A

0 -
4'. __ _ _ _ __ _ _ _ _

0
z 4,

UE

00
AC



176

000

4. U)UU

4
0) 0'

4.44

0 -4
0' 0 4

a 0 -0

0

o .0 0 04
(A m 4J. 4J

0. - 41'
0 0' c

E.04) 4.

00

-40 44 44 A1 44
0. '0 41 > ' 0'
a0t 0 0 c''0 0

00

14U 44 M
'o M 0

0. r. 4 .' 0) 4
4) 0 4) w' 4

4) '0 > 0 t'4y

0) z~0 0

0) .4

00



177

0-il-

Aj w

, 4 0.

0 0 MD g

o 0 O

'a m 0

- - ..

u 0

o) 2 j 0 )

0 0 -i 0

r r-r,

o 4 oD G

E. .0 0 0f0 ox

oo

0 0OG

imm

'0 0

GD 0. 4) 0
0 h..D ~ G 4D

0 0 GD D'~D GD4>o GDGD 0 GDG
W0- D "



178

- N

4, 'T '.s - . -W 4-.XN

U) .1 0O*4

0 0

0) u)4,

m0 > Un,

Ej 4!-

a. U) o
0 ~ 0 )

= ~ 4 4. UL
. 03 a)

00

U) 0)
U) ~ C In I n-j I

In 0 0) 000a ) Q)
-4 0 e' 00 U,

- 0 0 0-, 0 .

00

K) C 0) ' U 0
00 x A I

4) ..ta

U)I

0)0

. .0 0

r 0'

I.4 TIN C4
0 0 V4 to

-4 0

4) 0

o 4

C6~.0 4



a 179

U- a

-a 0
'm%. 4 C) 01C

01! 4. 
4.-40

w . a) t u w E

0 4

00

a,' t

.C) U)
cd 0 4) .

E N ) 0 CL

ot a a) -4

C4 t' -4

E aa m
E-

'a .0

a)a
4) A

a) 4.4-

0)CC

00 4

,a C: a0

In r 0

41-

0

a' -
a. I. C) J



180

04 W.-l4 l

u - 1
LOc -m w E~ A ot E

.4 OC4.W~'4 C
0 m-

- -4 r 0. 4.. 4
* ~ ~ CL WnU,~

0 w
bc 0 .

.0 E4>.

4)0-
.U 0 0 4 .4.

0 0 0

U. CL to 0 )
00

0 '3 = c C-
41 0

r_ a). a.

0 0 o r

C ru. ~ '
in' . J~ a. 00

-4 . -4 .4 4EW

01 (4U)U (

0 2 0 >. 0 .

''A

00

41 z

0.a 4 Cl .



0,0-

10~ ~ F. , 0 4

fA -

. 0 4U1

V% 0m 40 a)m

0 a w C .0a
.C u 4- 0 0E a)

E- CL & a
4' 0 40 'a 04

o 41 A.Z U 0.-
x U2 0- -. .0w1

a -4.) 0 ' 0 a) :

4) :4 4.4 =0. a) U'o ~ ~ A C. . 444 0)r 00

4.) 0 -4 . 4 ) 4 0 u4

>4 440 c4 m. .
a a)4 0 Z M4

0. ot.. . A >.
Q) l40 n.a-. u. ow

q 0 044 r4. 0EL 5 0 < 04)jO E 6 M u20 U Z .0

Oj

00

z 4) C
0. 0.00 0 ) -

41 44
040

.0 W 0 '
0-- o-



182

z 0-
.~i 41 r w. 0 m cO wc

-41

0 to

..4

4..

E- m

00

0 0

c c

mm

41

.4

C44

400

0 02

o 
44AC)

02
40 I



183

U-

r - G, az- @4.11141 0I.0
.r.

00

.0
.C

4v E- 0a
0

0

U

'0
4j.

0 '4z z u
o E
U

'I-

z~ m40 C

- C) -~ '
0. 0. ) U 0

0. z -171



184i I...

oi

xx

U3 0

L)-

00 0N 
€

00

0 Ad

0 -

mnn

49s 
0

444 (..

0

z 04

Ov

o0U

04



185

r- m 4

04

0 0 10

E. 40 L4

Q) 0:44 C

4> 0 0

-a .0 m

~0 cu0 4

:4 0. >
IL 40- 04 Q ) E) a C:

<4 E. >4 a

0 '4 -
IN -s

0~~~ 0~- 0
C C 4). 4)u f

0 -4

z 04 4

u40 0

$4



-~" 71I-1158 (U),

(SC S -yuj5-lo 9
UNCLASSIFIED DA 1 8-C 3'/9 M

p



&611 1. 128 2

,11111 Jil 1. U 18-

.CROCOPY RESOLUTION TEST CHART

NATIONAL BUREAU OF STANDARDS- 963-A

na z i m lue i l u nlni - -



186

cO 

0

0

.

c (

0) a) V,

0 0

z

c4 -4 4

0 oa

0. 0

0 26



I

187

4! 'a

r

0

0

'a14

-41'

02

l ,- 1 a

CA a) Q

fe,

00

u 0

w A~

'-4 0

0) 0 .

.4

'a " i

I ,a i
f , ;0

4,

I Uli)i i: i i i



188

.4 -

246 At14 1a.

0

0.

1 0410

0 00

0 0.

4j = 0.0
E1 0 0

$4 414
CL >. 0 m

o eto
0

.415
0.410

4j

41~ 0 44



189

414

0'

0

4) WU

U)U

0 . 1 -

E.

0 0



p4

190

.4
I -

aNjLa~__________________________
02.4W 02

0244.5.402kO.0Mh.In .~ 02 @2 U In~s

a'o -~

o ~
.02

.5 ~ 45
'U

~E ~. 0
1.4

0

z ~
02

-4

'U

C
02 0

0 .N .4
02 02
0 02 02

02
di a'

EC'J 02 0

2 0 ~
I- U Z

in

0 0z 0 0
02 .02

05 0. ~' U

40 **~ ~

45-2 02C

0. 0
U

0. a'
0 0

ON a~ 14
4..~ 02 '0

-4 02 -~
.4 45
h .02

-4 * a'
'02 0 .4
U a. -
.4 0 *

Sn -4 4.4 02

-4 I- .~

~ U
4.4

-4
U

2 6
*1

a a __________



191

APPENDIX 6

Primary Skin Irritation in Rabbits
FDA recommended scoring system

Grade
Erythema and Eschar Formation

Very slight erythema (barely perceptible) ................ 1
Well defined erythema ............... ............ 2
Moderate to severe erythema........................ .. 3
Severe erythema (beet redness) to slight
eschar formation (injuries in depth) ..................... 4
Total possible erythema score ........................... 4

Oedema Formation

Very slight oedema (barely perceptible) .................. 1
Slight oedema (edges of area well
defined by definite raising) ............................. 2
Moderate oedema (area raised approximately 1 mm) ......... 3
Severe oedema (raised by more than 1 mm and
extending beyond area of exposure) ....................... 4
Total possible oedema score .............................. 4
Total possible score for primary irritation .............. 8

The averages of the 24 and 72 h scores for the intact and for
the abraded skin for each material were combined to give a
primary irritation score. Materials with a primary irritation
score of 2 or less are classified as only mildly irritant,
those of 2-5 as being moderately irritant and those of 6 or
more as being severely irritant.

The term "primary irritant" applies to a substance that is not
corrosive, and that all available data of human experience
indicate to be a primary irritant or to a substance with a
primary irritation score of 5 or more.

140 503
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APPENDIX 7

Ocular Irritancy in Rabbits
FDA recommended scoring system

Grade
Cornea

No ulceration or opacity ........... ............... 0
Scattered or diffuse areas of opacity,
details of iris clearly visible ... ........................ (1)*
Easily discernible translucent areas of
opacity, details of iris slightly obscured ............... 2
Nacreous areas of opacity, no details of iris
visible, size of pupil barely discernible ................ 3
Complete corneal opacity, iris not discernible ......... 4
Ulceration. absence of a gross
patch of corneal epithelium ..... .............................. 4

Iris

Normal ................... ................................. 0
Markedly, deepened folds, congestion, swelling,
moderate circumcorneal injection (any of these or
combination of any thereof), iris still reacting
to light (sluggish reaction is positive) ....................... (1)*
No reaction to light, haemorrhage, gross
destruction (any or all of these) ........................ 2

Conjunctivae

Redness (refers to palpebral and bulbar
conjunctivae excluding cornea and iris):

Vessels normal ............................................ 0
Some vessels definitely injected .................. 1
Diffuse crimson red, individual vessels
not easily discernible ......... .... .......-........... (2)*
Diffuse beefy red ..... ..................................... 3

1246
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APPENDIX 7 (continued)

Grade
Chemosis

No swelling ............. ........ 0*. ...................... 0
Any swelling above normal (including nictitating membrane) 1
Obvious swelling with partial eversion of lids ........... (2)*
Swelling with lids about half closed .......................... 3
Swelling with lids more than half closed ................. 4
Ulceration or necrosis of palpebral and bulbar
conjunctivae or nictitating membrane ..................... 4

Discharge

Mild ..................................................... 1
Moderate ................................................. 2
Severe ......................................................... 3

* Bracketed figures indicate the lowest grades considered
positive under section 19-12 of the Federal Hazardous
Substances Labelling Act Regulations of the USA.

Note: A score k denotes a response considered to be less than 1.

Federal Hazardous Substances Act Regulations Quote:-

"An animal shall be considered as exhibiting a positive
reaction if the test substance produces at any of the readings
ulceration of the cornea (other than fine stippling), or
opacity of the cornea (other than slight dulling of the normal
lustre), or inflammation of the iris (other than slight
deepening of the folds, or slight circumcorneal injection of
the blood vessels) or if such substances produce in the
conjunctivae (excluding the cornea and iris) an obvious
swelling with partial eversion of the lids, or a diffuse
crimson red with individual vessels not discernible."

6274
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APPENDIX 8

Analysis of HMX in Gavage Formulations

Method

(i) The supplied gavage formulation (suspended in 0.5% low
viscosity CMC) was shaken thoroughly on a "Whirlimixer".
A 1 ml aliquot was immediately removed and transferred to
a 100 ml volumetric flask and made to the mark with aceto-
nitrile (Rathburn HPLC grade). The flask was shaken
thoroughly for at least 1 min for complete solution of the
HMX (if necessary an ultrasonic bath is used). A suitable
aliquot (V1 ml) was removed and transferred to a second
volumetric flask (V2 , 100 ml or 250 ml) and made to the
mark with acetonitrile (Rathburn S grade). The ultra-
violet spectrum was recorded and the absorption at 228 nm
calculated using for reference material a 1 ml aliquot of
0.5% low viscosity CMC treated as above.

The extinction coefficient of HMX was calculated from the
absorption of HMX solutions of known concentration (the
value 21346 was used in the calculations).

Calculation:

Conc (mg/ml) = AI x 138.67 (where V2 = 100 ml)V1
AA

or A- x 346.67 (where V2 = 250 ml)V 1

(ii) Where the dosing vehicle was 1% high viscosity or physio-
logical saline the method was modified to allow for the
difficulty in transferring accurately measured amounts of
the suspensions. The density of suspensions of HMX in the
above media was calculated by transferring aliquots to pre-
weighed 1 ml volumetric flasks. After making to the mark
the flasks were reweighed and the density calculated.

Results: In 1% CMC d = 1.244
In Saline d = 1.126

Analysis

Aliquots of the formulation were transferred to pre-weighed
flasks (100 ml) and the flasks reweighed. The weight of sus-
pension was calculated (w.g.), the suspension was then dissolved
in acetonitrile (Rathburn HPLC grade) and suitable aliquots

1600
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APPENDIX 8 (continued)

(V ml) removed and transferred to 100 ml volumetric flasks and
made to the mark with acetonitrile (Rathburn S grade). The
ultraviolet spectrum was recorded.

Calculation:

High viscosity CMC

Conc (mg/ml) - wA x 172.5
w x v

Physiological Saline

Conc (mg/ml) &A x 156.1
w x v
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